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The 


Boston, Massachusetts 


Meeting 


Twenty-seventh National Meeting 


PROGRAM THEME 
*New Directions in Operations Research” 


The 27th National Meeting of the Operations Research Society of America, to 
be held at the Statler Hilton Hotel in Boston, Massachusetts, Thursday and Friday, 
May 6-7, 1965, will have as its theme New Directions in Operations Research. The 
field of Operations Research was a product of the wartime efforts of technical people 
working under the pressure of military urgency to produce solutions to operational 
problems. faced by combat forces. The end of the war permitted Operations 
Research scientists to take a longer, more detailed look at the problems they were 
studying, to develop new tools for the solution of these problems and to consult 
the specialists in fields other than their own for additional insights into their prob- 
lems. 

The decade following the end of World War II saw a great increase in the field 
of Operations Research. Its applications to fields other than military were nu- 
merous; many textbooks were written describingithe field and its methods; it became 
a part of the curricula of many recognized technical schools and universities; its 
practitioners formed professional societies. Many of its wartime triumphs were 
matched by successes in the industrial field and it had, by the middle fifties, become 
a well-established and recognized part of American technology. 

It is characteristic of Operations Research that it continue to seek new areas of 
application. The second post-war decade has seen further expansion of the field 
into such areas as transportation, law and medicine; economic, social and political 
questions have become as much a part of the diet of the Operations Analyst as 
military questions had formerly been. Equipped with new tools and techniques 
and a new generation of people trained in its methods, Operations Research appears 
to be well-prepared to make its contribution to an advancing American society 
along a very broad front. The program of the 27th National Meeting has been 
organized to provide a sampling of the new techniques and applications of Opera- 
tions Research. 


REGISTRATION INFORMATION 


Registration 
The registration desk will be located on the Mezzanine of the Statler Hilton 
Hotel and will be open: 
Wednesday, May 5 6:00 p.m.-9:00 p.m 
Thursday, May 6 8:00 a.m—5:00 p.m. 
Friday, May 7 8:00 a.m—4:00 p.m. 
T'ees for registration and events are: 
Members $10.00 
Non-Members $12.00 
Students $3.00 
Luncheons $4.00 (each) 
Banquet $7.00 


An ORSA Meeting Office will be set up at the Statler Hilton and will serve as a 
message center for those attending the meeting. There will be no advance registra- 
tion for this meeting. 


Accommodations 


The Statler Hilton Hotel has reserved a block of rooms for meeting attendees. 
All meetings and functions will be held in the Hotel. The Hotel is located at Park 
Square in downtown Boston, a fifteen minute ride from Logan Airport, the inter- 
national terminal serving Boston. Limousine service is available between the 
airport and the Hotel for $1.25. Taxi fare is about $3.00. Rail connections ean 
be made through North or South Stations in Boston, both located near the center 
of town. 

A reservation card is enclosed and should be sent directly to the Hotel. 


Employment Notices 


The Society does not operate a clearing house for recruiting activities. How- 
ever, à bulletin board for the display of employment notices and other recruiting 
information will be provided at the meeting. Such notices must be in the standard 
format of 814” x 11" and should be sent to Dr. Epwarp A. SruveR, Arthur D. 
Little, Inc., 86 Acorn Park, Cambridge, Massachusetts, 02140, for posting. 


Copies of Papers Presented at Meeting 


Requests for copies of papers should be made directly to the authors, at the 
addresses given with the abstracts. Neither the Meeting or Program Chairmen, 
the BULLETIN Editor nor others in ORSA have copies for distribution. , 


The New Boston! 


Many ORSA members are no doubt well-acquainted with historic Boston, but 
there will be many surprises for those who have not been to “The Hub” for several 
years. The Prudential Center in Back Bay, with its 52 story tower and new au- 
ditortum will be nearly finished m May. Colorful but decrepit old Scollay Square 
has become the impressive Government Center. Nearly every block in the city 
has been caught up in the progressive theme of “The New Boston.” Even the 
familiar MTA has surmounted suboptimization and become the Massachusetts 
Bay Transportation Authority. 

* The month of May is delightful in Boston and environs. Boston’s many theaters 
are still open, with usually an excellent, selection of pre- and post-Broadway shows. 
Moreover, it’s the month of the Boston Pops at Symphony Hall. 

The Statler Hilton Hotel is literally in the midst of the famous walking tour, the 
Freedom Trail. Many rooms overlook the State House, Boston Common, Public 
Gardens, the swan boats, and almost history itself. 

At the hotel desk you'll find an excellent free guide magazine called Panorama, 
which lists current theater, concerts, museum shows, and sports events. It de- 
scribes major points of interest and the better restaurants and night spots—with & 
handy reference map. The Gray Lines (at Copley Square) run frequent bus tours 
of the area's many tourist attractions. The New York World's Fair is an hour 
away by air shuttle. 

Your eommittee will post notices of other local features to help make your trip 
to Boston rewarding in many ways. 


MEETING COMMITTEE 


General Chairman: Davi» M. Boopman Arthur D. Little, Inc. 
Program Chairman: Rowatp À. HOWARD Stanford University 
Arrangements Chairman: Joan W. Opie Arthur D. Little, Inc. 
Registration: Warren G. Briaes Harbridge House 
Finance: WILLIAM Marcuse Mitre Corporation 
Special Programs: Harran C. MEAL Arthur D. Little, Inc. 
Recorder: Epwarp A. SILVER Arthur D. Little, Inc. 
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PROGRAM 


of the 
Twenty-seventh National Meeting 
of the 
OPERATIONS RESEARCH SOCIETY OF AMERICA 


THURSDAY MORNING, MAY 6, 1965 SESSION A 
(9:00-12:00) 
A.1. Modern Statistical Decision Theory, (A Panel) 


Location: GrorGIAN Room 


Chairman: Ronatp A. Howarp, Institute in Engineering Economic Sys- 
tems, Stanford University, Stanford, California. 


Ala. Position Paper, Herman CHERNOEFF, Department of Statistics, 
Stanford Uniwersity, Stanford, California. 


Alb. Decision Theory as the Central Stem in an Engineering Cur- 


riculum, Mryon Tarsus, Thayer School of Engineering, Dartmouth 
College, Hanover, New Hampshire. 


Alc. The Problem of Applying Modern Decision Methods to Busi- 
ness Situations, Dorpg G. Esanine, General Electric Company, 
Schenectady, New York. 


A.2. Transportation Systems 
Location: StANBRO HALL 


Chairman: Martin Wour, Economics Department, Littauer House, Har- 
vard University, Cambridge, Mass. 


A2a. A More Systematic Approach to Federal Transportation 
Policy, Jonn B. Mzvzng, Harvard University, Cambridge, ,M assa- 
chusetis. 


A2b. Systems Analysis and the Future of the Railroad Industry. 
A. S. Lane, New York Central System, New York, New York. 
B-9 : 


B-10 Thursday Morning 


A2c. The Role of Systems Analysis m the Highway Transportation 
Industry, Frank QuackENnoss, Operations Research Department, 
Research Laboratories, General Motors Corporation, Warren, Michigan 


A.3. OR in Real-Time ee ee 


Location: PARLOR A 


Chairman: Martin L. Ernst, Arthur D. Little, Inc., 86 Acorn Park, 
Cambridge, Massachusetts. 


A3a. A Criterion for Efficient Computer Storage Allocation in Real 
Time Systems, R. E. Herrman, A. D. Little, Inc., Cambridge, 
Massachusetts, and 


A3b. (Continuation), M. N. Parry, American Airlines, Albany Post 
Road, Briarcliff Manor, New York. 


A3c. The Real Problems of Real Time Computing, A. G. OETTINGER, 
Harvard University, Cambridge, Massachusetts. 


A3d. Priority Scheduling of Time-Shared Computer Systems, 
MARTIN GREENBERGER, Sloan School of Management, Massachusetts 
Institute of Technology, Cambridge, Massachusetts. 


A.4, Contributed Papers on Probabilistic Models 
Location: BALLROOM WEST 


Chairman: Jamas M. DoBpBrg, Arthur D. Little, Inc., Cambridge, Massa- 
chusetts 


Ada. A Climate for Real Time, FREDERICK J. BURKE, Spector Freight 
System, Inc., 206 West Wacker Drive, Chicago, Illinois. 


A4b. On the Concept of FIFOV in Queues, B. KRISHNAMOORTHI, 
Stanford University, Stanford, California. 


Adc. Optimum Communications Center Buffer Design, Ints DEL- 
GALVIS and Ricard C. Soucy, I.B.M., Kingston, New York. 


A4d. Queueing Analysis of Real-time Computer Systems, Wmr 
Crane and Doxarp J. Wono, I.B.M., Kingston, New York. 


Ade. The Application of Queueing Theory to the Design of Real- 
time Computer Systems, Epwarp W. Verrca and WALTER A. 
Levy, Pennsylvania Research Associates, Inc., 27 South 86th Street, 
Philadelphia, Pa., 1 91 04. 


A4£. 


Adg. 


A4h. 


Adi. 


Adj. 


A4k. 


Thursday Morning B-1I 


The Control of Multiple-Channel Queueing Systems with 
Mixed Input Streams, Jonn P. Youna, The Johns Hopkins Uni- 
versity, Baltimore, Maryland. 

A Simulation Approach to Evaluating the Effects of Redirect- 
ing Heteromorphie, Variable Delay, Queue Feedback in Multi- 
Channel, Parallel Systems, Ronatp Lessine and Joan H. Moss, 
Social Security Administration, Department of Health, Education and 
Welfare, Washington, D. C. 


Sensitivity Analysis of 473L Performance, SrANLmy B. ROSEN 
and Esse S. Nevans, General Electric Company, Information Systems 
Operation, 4901 Fairmont Avenue, Bethesda, Maryland. 


An Operational Readiness Model for an Inertial Navigation 
System, J. J. MALTESE, Autonetics, 9870 M iraloma Ave., Anaheim, 
California, 92808, and R. A. Nerson, Vitro Laboratories, Silver Spring, 
Maryland. 


Operations Research Study in a Telephone Company Business 
Office, Joun M. Horwzs, Jn., The Chesapeake and Potomac Tele- 
phone Company of West Virginia, 1500 MacCorkle Ave., Charleston, 
West Virginia. 


Analysis and Projection of the Historic Pattern of Supply of 
Exhaustible Natural Resources. C. L. Moonz, Box 582, Benjamin 
Franklin Station, Washington 44, D. C. 


A.5. Contributed Papers on Design of Information 


and Control Systems 


Location: PARLOR B 
Chairman: KENNETH W. YARNOLD, Dunlap & Associates, Darien, Con- 


Ada. 


A5b. 


Abc. 


necticut 


Establishing Objectives, Measures, and Criteria for Multi- 
Phase Complementary Activities, SipwEY I. Firstman and 
Davm 8. STOLLER, The RAND Corporation, 1700 Main Street, 
Santa Monica, California. 


Requirements Analysis and Its Impact on Command System 
Design, Jonn A. Evans, Information Sciences Department, The 
MITRE Corporation, Bedford, Massachusetts. 


System Reliability in an Electric Utility, Burron V. DEAN, Case 
Institute of Technology, Cleveland, Ohio, 44106. 


B-12 


A5d. 


ASe. 


A5f. 


Aog. 


A5h. 


A5i. 


ASj. 


ASk. 


Thursday Morning 


Exercising the Modern Command System, W. H. TETLEY, Cor- 
nell Aeronautical Laboratory, Inc., Buffalo, New York, 14221. 


Determining a Measure of Effectiveness for a Command and 
Control System, J. E. GEnNocRoss and F. J. HUDDLESTON, Com- 
mand and Conirol Department, Defense Systems Division, The Bunker- 
Ramo Corporation, 8483 Fallbrook Ave., Canoga Park, California, 
91304. 


The Design of Command and Control Systems for Task 
Groups, LAWRENCE E. SCHLESINGER, George Washington University, 
Washington 6, D. C. 


Operations Research as a Money-making Management Tool 
in Small Production Runs of Electronic Equipment, JAMES 
A. BIRD WELL, 


Evaluation of Alternate File Structures for Command and 
Control Systems. SrTANLEY B. Rosen and Essie S. NEvANs, Gen- 
eral Electric Company, Information Systems Operation, 4901 Fairmont 
Ave., Bethesda, Maryland. 


Project Cost Curve—Equivalent Linear Graphs, V. K. HANDA, 
Department of Civil Engineering, University of Waterloo, Waterloo, 
Ontario, Canada. 


Testing for Error Contributions in Certain Man-Machine Con- 
trol Systems, STANLEY P. E. Price, Federal Aviation Agency, 
N AFRC RD-718, Atlantic City, New Jersey. 


On the Use of Discriminant Analysis for Establishing Decision 
Rules, J. ZELNICK. 


THURSDAY NOON, MAY 6, 1965 


(12:15-1:45) 
Luncheon 


Location: BALLROOM EAST 
Speaker: MansHALuL K. Woop, Director, Economic Programming Center, 


National Planning Association 


Subject: Quantitative Approaches to Public Policy Formation 


Thursday Afternoon B-13 


THURSDAY AFTERNOON, MAY 6, 1965 SESSION B 
(2:00-5:00) 
B.1. Systems Engineering or Operations Research, A 
Panel 


Location: GEoRGIAN Room 
Chairman: WILLIAM K. LINVILL, Stanford University, Stanford, California. 


Bla. Systems—Profession Born of Technological Advance, WILLIAM 
K. Linva, Stanford University, Stanford, California. 


Blb. Position Paper, R. L. Acxorr, University of Pennsylvania, Phila- 
delphia, Pennsylvania. : 


Blc. A Systems Engineer Looks at Operations Research, Rosert E. 
Macnor, Systems Engineering Department, University of Illinois, 
Chicago, Illinois. 


Bld. Position Paper, AnTuun D. HALL, Television Engineering Depart- 
ment, Bell Telephone Laboratories, Murray Hill, New Jersey. 


B.2. Design of Command and Control Systems 


Location: Stanspro HALL 


Chairman: Josers H. Lewis, Institute. for Defense Analyses, Weapons 
Systems Evaluation Division, The Pentagon, Washington 26, 
D.C. 


B2a. Requirements—The Illusive Elements in System Design, JOEL 
N. Broom, Industrial Engineering Laboratory, The Franklin Institute, 
Philadelphia 3, Pennsylvania. 


B2b. Application of Information Flow Studies to Development of 
Command Support Systems, Roserr H. ApAMs, Institute for 
Defense Analyses, Weapons Systems Evaluation Group, Pentagon, 
Washington, D. C. . 


B2c. An Approach to the Design of Command and Control Systems, 
W. F. BENNETT, Washington Systems Center, I.B.M., Bethesda, 
Maryland. 


B2d. Technical and Monetary Management of the Development of 
Command Support Systems—A Continuous Activity—The 
Relationship of Funding Procedures to Development Prob- 
lems, Rosznr H. ScuxnER, Asst. Deputy Director of Defense Re- 
search and Engineering NMCS (TS) and Strategic Command and Con- 
trol, Department of Defense, Washington, D. C. 


B-14 Thursday Afternoon 


B.3. Earth Science Applications of Operations 
Research 


Location: PARLOR A 


Chairman: Douanas L. Brooks, The Travelers Research Center, Ince., Hart- 
ford, Connecticut. 


B3a. The Exploitation of Geophysical Information in Naval Opera- 
tions, GEonaz H. Minny and Josgpg G. BRYAN, The Travelers Re- 
search Center, Inc., Hartford, Connecticut. 


B3b. The Difference Between Weather Forecasters and Weather 
Advisors, R. R. Rapp, The RAND Corp., Santa Monica, Calif 


B3c. The Synthesis and Use of Long Hydrologic Records in Re- 
source Planning, Myron B. Fizrine, Harvard University, Cam- 
bridge, Massachusetts. 


B3d. Resource Planning in Ocean Surveys, HAROLD NISSELSON, 
Operations Research I ncorporated. 


B.4. Contributed Papers on Methods and Applications 
of Decision Theory 
Location: BALLROOM WEST 


Chairman: GORDON M. KavrMaN, School of Industrial Management, 
Massachusetis Institule of Technology, Cambridge, Mass. 


B4a. Reliability Statements Under Uncertainty, WARREN G. Briaas, 
Harbridge House, Inc., 11 Arlington Street, Boston, Massachusetts. 


B4b. Optimum Policy Regions for Markov Processes with Dis- 
counting, Ricuarp D. Smanuwoop, The Institute in Engineering- 
Economic Systems, Stanford University, Stanford, California. 


B4c. A Decision-Theoretic Evaluation of an Idealized Bomb-Dam- 
age Assessment Information System, Uco O. GAGLIARDI, Dun- 
lap and Associates, Darien, Connecticut. ` 


B4d. Hypothesis Testing in Command and Control, H. GUMBEL, 
Lockheed Missiles and Space Co., Sunnyvale, Calif. 


B4e. The Constant Likelihood of the Residual Hypothesis in 
Bayesian Statistics, Raymond H. Burros, System Development 
Corporation, 45 Hartwell Ave., Lexington, Massachusetts 


B4f. Methods of Measuring Utilities Under Independence, PETER 
C. FISHBURN, Research Analysis Corporation, McLean, Virginia. 


B4g. 


B4h. 


B4i. 


B4j. 


B4k. 


B4. 


Thursday Afternoon B-15 


On the Expected Gain of a Markov Chain with Uncertain 
Transition Probabilities. J. J. Martin, Operations Research 
Center, Massachusetts Institute of Technology, Cambridge, Massa- 
chusetis, 02189. 


Hierarchically-Structured Sequential Decision Processes: A 
Bayesian Decision Theory Model, Marvin L. MANEBIM, Direc- 
torate of Transportation, Office of the Deputy Chief of Staff/Logistics, 
Headquarters U. S. Army, Nassif Building, Washington, D. C., 
20815. 


Relevance of Statistical Decision Theory to Fault Isolation, 
Ricnarp J. Marres, Dunlap and Associates, Inc., Darien, Con- 
necticut. 


Optimum Bayes Strategies in Truncated Life Testing, ROBERT 
J. MARTEL, Technical Operations Inc., South Avenue, Burlington, 
Massachusetts. 


Generation and Simulation of Attributes Sampling Plans with 
a Detailed Analysis of Wald’s Sequential Probability Ratio 
Plans with Truncation, Har Nissrgy, I.B.M., 2925 Euclid Ave- 
nue, Cleveland, Ohio, 44115. 


An Experiment with a Methodology for System Comparison 
and Selection, P. R. FATIANow, General Electric/ ASD, Daytona 
Beach, Florida. 


B.5. Contributed Papers on Problems and Methods of 


Marketing 


Location: PARLOR B 


Chairman: CHARLES K. RAMoNp, Advertising Research Foundation, New 


B5a. 


B5b. 


York, New York 


Monte Carlo Analysis of Consumer Behavior in Product Tests, 
Rarpn L. Dav, The Pennsylvania State University, University Park, 
Pennsylvania, 16802. 


Introduction of a New Brand in a Highly Competitive Con- 
sumer Product Market: Problems, Measurement of the Im- 
pact, and Testing of the Managerial Hypothesis, Yosuiro 
Kurarant, Case Institute of Technology, Cleveland 6, Ohio. 


B-16 


B5c. 


Bod. 


Bde. 


B5f. 


B5g. 


B5h. 


Boi. 


` B5j. 


B.6. 


Thursday Afternoon 


Improving the Accuracy of Market Share Prediction Under 
Conditions of Innovation: Practical and Theoretical Con- 
siderations in the Application of a Modified Markovian Model, 
RaraEL B. Cruz, Merle Thomas Corporation, Houston, Texas, 77036 
and J. O. EASTLACK, JR., Bristol Myers Company, New York, New 
York. 


A Dynamic Model for Competitive Marketing in Coupled 
Markets, MELVIN F. Saxon, Rutgers—The State University, New 
Brunswick, New Jersey. 


A Biometric Model of Advertising. FEDERICO FRISCHKNECHT, 
University of Buenos Aires, Buenos Aires, Argentina. 


An Operational Theory for Marketing Differentiated Products, 
RosERT C. Harn, Corning Works, Corning, New York, and S. S. 
SENGUPTA, University of Pennsylvania, Philadelphia, Pennsylvania. 


Effect of Company Objectives and Marketing Environment on 
Optimum Proposal Expenditures for a Government Con- 
tractor, EvenETT J. DANiELS, Lockheed-California Company, Bur- 
bank, California. 


Imperfect Monitoring of a Markov Source with Associated 
Costs, ALVIN W. Draxs, Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, 02139. 


Improving Advertising Quality—An Analytical Approach, 


Irwin Gross, Scott Paper Company, Philadelphia, Pennsylvania, 
19118. 


Variance Considerations Research Design, Er: S. Marks, 
Wharton School, University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 


Contributed Papers on Problems and Techniques 
of Inventory Control 


Location: BALLROOM EAST 


Chairman: Epwarp H. Bowman, Massachusetts Institute of Technology, 


Béa. 


Cambridge, Massachusetts. 


An Approximate Solution for a Multi-echelon Inventory Sys- 
tem, R. L. Layron, Bell Telephone Laboratories, Holmdel, New 
Jersey. 


Bób. 


B6c. 


Béd. 


B6e. 


B6f. 


Bóg. 


B6oh. 


Bói. 


Bój. 


Thursday Afternoon B-17 


Decision Aid for Spare Parts Provisioning, L. R. GUTSTADT, 
North American Aviation, Space and Information Systems Division, 
12214 Lakewood Blvd., Downey, California. 


Bayesian Determination of the Reorder Point of a Slow Mov- 
ing Item, EDWARD A. Stiver, Arthur D. Little, Inc., 86 Acorn Park, 
Cambridge 40, Massachusetts. 


Practical Aspects of Economic Order Quantities, Invia Karz, 
Operations Analysis Office, HQ Air Force Logistics Command, Dayton, 
Ohio. 


Improved Control of an Operating Distribution System, JAMES 
P. Morris and Ropert CLEVELAND, Operations Research Incor- 
porated, 1400 Spring Street, Silver Spring, Maryland, and Joszru 
GLASER, American Airlines, New York, New York. 


An Allowance List Decision Rule on METRI, Bernard N. 
Samers, Clark, Cooper, Field & Wohl, Inc., 123 High Ridge Road, 
Stanford, Connecticut. 


A System for Evaluating Purchase Strategies in Resale In- 
dustries, James H. Herremans, Arthur Anderson & Co., 294 Wash- 
ington St., Boston 8, Massachusetts. 


A New Approach to Inventory Stockout Penalty Costs. BEN- 
JAMIN L. Scuwarrz, Data Dynamics, Ine., 805 Webster St., M onterey, 
California. 


The Weibull Distribution as an Inventory Control Applica- 
tion, Josera W. Times and Jaaprsu N. Paren, Microswitch Divi- 
ston of Honeywell, Inc., Chicago and Spring Streets, Freeport, Illinois. ` 


Optimal Procurement Decisions for Spare Aircraft Compo- 
nents, D. Horxsrra, R. L. Deemer, and S. Gapsao, Frankford 
Arsenal, Building 109-3, Bridge and Tacony Streets, Philadelphia, 
Pennsylvania. 


B-18 Friday Morning 


THURSDAY EVENING MAY 6, 1965 
(5:30-7:00) 
Cocktail Hour & Mixer 
Location: BALLROOM WEST 
(7:30) 
Banquet 
Location: BALLROOM EAST 


Retiring Presidential Address 


GEorGE E. Kimpatn, Vice President, Arthur D. Little, Inc. 
Introduced by 
Pmr M. Morse, Massachusetts Institute of Technology 


FRIDAY MORNING, MAY 7, 1965 
(9:00-12:00) 
C.1. The Structure of Investment Decisions 


Location: GEORGIAN Room 


Chairman: GrorcE R. Murray, Operations Research Center, Massachusetts 
Institute of Technology, Cambridge, Massachusetts. 


Cla. Practical Difficulties in Attacking the Investment Problem, 
HERBERT Ayres, Morgan Guarantee Trust Company, New York, 
New York. 


Clb. Mathematical Models in Capital Budgeting: Opportunities 
and Limitations, CHARLES CHRISTENSON, Harvard Business School, 
Soldiers Field Road, Boston, Massachusetts. 


Cle. The Effect of Accounting Conventions on Business Investment 
Standards, Jonn F. MAGEE, Vice President, Arthur D. Litile, Inc., 
85 Acorn Park, Cambridge, Massachusetts. 


Cid. The Nature of Risk in Investment Decisions, Davin B. Hertz, 
McKinsey & Company, New York, NewYork. 


Friday Morning B-19 


Cle. Problem Areas in Securities Analysis and Portfolio Manage- 
ment, L. G. Pg#ox, Goldman, Sachs and Co., 20 Broad Street, New 
York 5, New York. 


C.2. Stochastic Models in Marketing 
Location: StANBRO HALL 


Chairman: LAWRENCE FRIEDMAN, Operations Research Director, M and M 
Candies, Hackettstown, New Jersey. 


C2a. The Use of Stochastic Market Models in the Analysis of Con- 
sumer Panel Data, JERomE D. HERNITER, Arthur D. Little, Inc., 
Cambridge, Massachusetts. 


C2b. New Product Introduction—A Perturbation in the Market 
Place, BENJAMIN LIPSTEIN, Benion & Bowles, Inc., New York, New 
York. 


C2c. A Model of Adaptive Control of Promotional Spending, Jouw 
D. C. Lrrrng, Sloan School of Management, Massachusetts Institute 
of Technology, Cambridge, Massachusetts. 


C2d. Order and Homogeneity of Family-Specific Markov Chains for 
Coffee Brand Choice, WILLrAM F. Massy, Graduate School of 
Business, Stanford University, Stanford, California. 


C2e. New Dimensional Analysis of Brand Switching, ALFRED 
Kurn, Carnegie Institute of Technology, Pittsburgh, Pennsylvania, 
and ALBERT C. Ronrorr, Lever Brothers Company, New York, New 
York. 7 


C.3. Contributed Papers on OR on Social Problems 


Location: PARLOR A 
Chairman: Harry Erus, Harbridge House, Boston, Massachusetts. 


C3a. Optimal Procedure for An N-State Testing and Learning 
Process, W. Karusa and R. E. Dear, System Development Corpora- 
tion, 2600 Colorado Avenue, Santa Monica, California, 90406. 


C3b. Heuristic Games for Secondary Schools. Crank C. ArT, Abt 
Associates, 24 Concord Lane, Cambridge, Massachusetts. 


B-20 Friday Morning 


C3c. A Model for the Design of Prepaid Dental Plans, Davin A. 
Scurapy and Borron V. DEAN, Case Institute of Technology, Cleve- 
land, Ohio, 44106. 


C3d. Operations Research and the Study of Public Policy Problems: 
A Specific Case, ERIK A. R. HALDANE, Department of Economic 
Affairs, Organization of American States, Pan American Union, 1726 
“I” Street, N.W., Room 1009, Washington, D. C., 20006. 


C3e. Investment Decisions in Newly Developing Countries, Morris 
J. Sorowon, U. S. Bureau of the Census, Washington 26, D. C. 


C3f. Operations Research: Can it Implement, or Create, Social 
Values?, SAMUEL E. GLUCK, Division of Business, Hofstra University, 
Hampstead, L. I., New York. 


C3g. Predicting Air Pollution Levels, RoNArp W. Worrr, Department 
of Industrial Engineering, University of California, Berkeley, Cali- 
fornia. 


C3h. Game Theory Applications to Service Site Selection, WILLIAM 
L. Moog and Newron Dikorrz, Social Security Administration, De- 
partment of Health, Education and Welfare, Washington, D. C. 


C3i. A Model for the Prediction of Demand for Nursing Service, 
Warren H. Tuomas, Department of Industrial Engineering, State 
University of New York at Buffalo, Buffalo, New York. 


C3j. The Library as an Inventory Problem, RicHarp W. TRUESWELL, 
School of Engineering, University of Massachusetts, Amherst, Massa- 
chusetts. 


Friday Morning B-21 


C.4. Contributed Papers on Programming Methods 


of Operations Research 


Location: BALLROOM WEST 
Chairman: Dav F. Voraw, JR., The MITRE Corporation, Bedford, 


C4a. 


C4b. 


C4c. 


C4d. 


C4h. 


Massachusetts. 


Modular Design, Generalized Inverses and Convex Program- 
ming, A. Caarnes, Northwestern University, Evanston, Illinois, 
and M. Kresy, Research Analysis Corporation. 


Techniques for Solving Multiple Assignment Problems, Han- 
vey WorrE, Department of Industrial Engineering, University of 
Pittsburgh, Pittsburgh, Pennsylvania. 


A Resource Allocation Problem, Socrates Lrrsios, Booz, Allen 
Applied Research, Inc., 4815 Rugby Ave., Bethesda, Maryland. 


Decomposition Analysis for Multiple Constraint Values and 
Objective Functions, Jonn S. Bonner, Bonner and Moore Associ- 
ates, Inc., Houston, Texas, Jonn P. BASILE, and Harry GILDEA, 
Management Systems Corporation, Cambridge, Massachusetts. 


. A Defense System Budget Allocation Study, (See Authors, C4d.) 


- The Chinese Postman's Problem, Jack EpwoNps, National Bur- 


eau of Standards, Washington, D. C., 20234. 


. Primal-Dual Decomposition Programming, Ear. J. BELL, De- 


partment of Industrial Administration, The University of Connecticut, 
Storrs, Connecticut. 


The NORMA: A Possible Basis for a Theory for the Traveling- 
Salesman Problem, Norman P. Sauz, Cornell Aeronautical Lab- 
oratory, Inc. 


B-22 Friday Morning 


C.5. Theory of Conflict 


Location: PARLOR B 


Chairman: PETER Cons, Institute for Naval Studies, Cambridge, Massa- 
chusetts. 


C5a. The Distribution of the Time-Duration of Stochastic Duels, 
C. J. ANckER, JR., and A. V. GAFARIAN, System Development Cor- 
poration, Santa Monica, California. 


C5b. On Developing Models of Conflict, RoazR L. Sisson, University 
of Pennsylvania, Philadelphia, Pennsylvania. 


C5c. An Inductive Theory of Dynamic Combat, Serm BONDER, 
Systems Research Group, Department of Industrial Engineering, The 
Ohio State University, 156 W. 19th Avenue, Columbus, Ohio. 43210. 


C5d. Operational Problems in Static and Dynamic Calibration of a 
Newly Developed Scoring Device for Aerial Targets, RocEr 
W. WiwsLow. Stanford Research Institute, P.O. Box 816, Fort Ord, 
California. 


C5e. Field Experimentation in Operations Research, FRANK J. 
Harris, Stanford Research Institute, Research Office, U. S. Army 
Combat Developments Command Experimentation Center, P.O. Box 
816, Fort Ord, California. 


C5f. Low Altitude Penetration Parametric Study, P. T. Caan, C. W. 
West, and F. M. WEINBERGER, Vought Aeronautics Division, Ling- 
Temco-Vought, Inc., Dallas, Texas. 


C5g. A Model for Allocating Defense Resources, PETER D. Fox and 
IRAM J. WEINSTEIN, Stanford Research Institute, Menlo Park, Cali- 
fornia. 


C.6. Meeting of the Transportation Science Section 


Location: BALLROOM East 


Chairman: RosERT S. Foorg, Port of New York Authority, New York, 
New York 10011. 


Cóa. Statistical Study of Factors Influencing Safety at Highway- 
Rail Grade Crossings, Leon Wester, I.T. Research Institute, 
Chicago, Illinois, and GERALD M. MaaEE, Association of American 
Railroads. 


Friday Afternoon B-25 


Cób. Computer Simulation of Peak-Hour Passenger Movements or 
the PATH (Port Authority Trans-Hudson) System, JAMES J 
Browne, The Port of New York Authority, New York, New York 
10011. 


C6c. A Time-Dependent Queueing Model and Application to Air- 
port Delays, K. G. Grossman, R. C. WHEELER, Airborne Instru- 
ment Laboratory, Deer Park, Long Island, New York 11729. 


Cód. Fast Time Simulation of a High Performance Terminal Area 
Traffic Control System, R. W. Simpson, Assistant Professor, 
Massachusetts Institute of Technology, Cambridge, Massachusetts. 


C6e. Optimum Control of an Unsaturated Artery, J. J OHNSON, IBM 
Data Processing Division, Yorktown Heights, New York 


FRIDAY NOON, MAY 7, 1965 
(12:15-1:45) 


Luncheon 


Location: BALLROOM East 


Speaker: KENNETH E. BounpiNa, Professor of Economics, University of 
Michigan. 
Subject: The Ethical Implications of Rational Decision 


FRIDAY AFTERNOON, MAY 7, 1965 SESSION D 
(2:00-5:00) 

D.1. Practical Theory of Inventory Control 

Location: Gboretan Room 


Chairman: Jerome D. Hernirer, Arthur D. Little, Inc., Cambridge, 
Massachusetts. . 


Dla. Aggregate Inventory Management, RosERT G. Brown, Arthur 
D. Lattle, Inc., Cambridge, Massachusetts. 


B-24 Friday Afternoon 


Dib. Product Line Evolution in the Retail Store, GzorcEr R. Murray, 
JR., Operations Research Center, Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 


Die. Applied Inventory Models, T. M. Wurrin, Wesleyan University, 
Middletown, Connecticut. 


Did. An Empirical Study of Exactly and Approximately Optimal 
Inventory Policies, Harvey M. WAGNER, Stanford University. 


D.2. Experimentation In Operations Research, 
A Panel 


Location: STANBRO HALL 


Chairman: Huag J. Miser, The MITRE Corporation, Bedford, Massa- 
chuseits. 


D2a. Observation and Experimentation in Operations Research. 
Panelists: Epwarp H. Bowman, Massachusetts Institute of Technology, 
Rozert S. FoorE, The Port of New York Authority, and 
GrorcE R. LiNpszEY, Defence Research Board of Canada. 


D.3. Contributed Papers on Transportation and Dis- 
tribution 
Location: PARLOR A 


Chairman: PurgR B. Witson, Canadian National Railways, Montreal, 
Quebec, Canada. 


D3a. Most Profitable Routing Before Maintenance, CHnIrsropr 
WITZGALL and A. J. GOLDMAN, National Bureau of Standards, Wash- 
ington, D. C. 20234 


D3b. 


D3c. 


D3d. 


D3e. 


D3f. 


D3g. 


D3h. 


D3i. 


Friday Afternoon B-25 


An Airport Capacity Handbook: Results of a Federal Aviation 
Research Program in Mathematical Models and Techniques 
for Determining Airport Capacity, Oscar Snmapmo, Federal 
Aviation Agency, Research Division, Atlantic City, New Jersey. 


A Study of Car-Pool Systems in Railroad Transportation, B. 
Avi-ItzHax, BENJAMIN À. Benn, and Bruce A. PowELL, Case 
Institute of Technology, Cleveland 6, Ohio. 


An Operational Solution of a Large Scale Delivery Problem. 
Rarrn BorKemerer, Continental Copper & Steel Industries, Inc., 100 
East 42nd Street, New York, New York 10017. 


Aerospace Systems Approach Applied to Regional Transporta- 
tion Planning, Jonn H. Tuer, and Sney Moeiewer, Douglas 
Aircraft Company, Inc., 8855 Lakewood Blve., Long Beach, California 


Optimal Route Assignment for Metropolitan Road Traffic. 
Aran HersuporFer, Department of Civil Engineering, Massachu- 
sells Institute of Technology, Cambridge, Massachusetts. 


A Study of a Motor Bus Undertaking, J. G. Cnooxzs, BritisF 
European Airways, London Airport, England, K. B. HALEY, The 
University, Edgbaston, Birmingham 15, England, and P. J. PENGILLY. 
Proctor & Gamble Limited, Newcastle Upon Tyne 8, England. 


Necessary and Sufficient Conditions for a Solution to the 
Multifacility Production-Transportation Problem with Non- 
linear Production Costs, J. Frank Smarr and H. R. PRASAD 
Industrial Engineering Department, Rutgers—The State University. 
New Brunswick, New Jersey. 


A Computer Program for Automatic Planning of Logistic Air- 
lifts, Hans J. BERLINER, Washington Systems Center, I.B.M.. 
Bethesda, Maryland. 


D.4. Contributed Papers on Quantitative Bases for 


Investment Decisions 


Location: BALLROOM WEST 


Chairman: GERSHON Cooper, Dunlap & Associates, Darien, Connecticut. 


D4a. 


Risk Measurement in Capital-Investment Decision-Making. 
Norman N. Barsa and Seymour Karan, Department of Industrial 
Engineering and Operations Research, New York University, New 
York, New York 10486. 


B-26 Friday Afternoon 


D4b. Expected Value of Options, Warrants, and Convertible Securi- 
ties, ALAN W. HARBAUGE, Dunlap & Associates, Ine., 1454 Clover- 
field Boulevard, Santa Monica, California 90404. 


D4c. Stochastic Decision Trees for the Analysis of Investment De- 
cisions, Ricaan F. Hespos, McKinsey & Company, Inc., 270 Park 
Ave, New York, New York, and PAUL A. SrRAsSMANN, National 
Dairy Products Corporation, 260 Madison Avenue, New York, New 
York. 


D4d. Developing Objective Criteria for the Design of More Nearly 
Optimal Investment Decisions in Pension Fund and College 
Endowment Investment Management, Hans H. Jenny, Office 
of Institutional Research, The College of Wooster, Wooster, Ohio. 


D4e. The Developing of Investment Strategies Through Applica- 
tion of Econometric Processes, J. JEFFERSON Parks, Parks-Ross 
Company, 18794 Beach Blud., Westminster, California. 


D4f. Investment Planning Simulation, Z. SzarRowsk1, Service Bureau 
Corporation, 685 Madison Avenue, New York, New York 10022. 


D4g. Dominant Decision Rule for Multistage Allocation Processes 
Under Risk, MARK ALFANDARY-ALEXANDER, Operations Analysis 
Division, Atomic Energy Commission. 


D.5. Contributed Papers on Selected Topics in Opera- 
tions Research 
Location: PARLOR B 


Chairman: RicHarp Muvers, Harbridge House, Boston, Massachusetts. 


D5a. Forecasting by Intrinsic Versus Extrinsic Models, Y. Kura- 
TANI and Y. Š. CHIDAMBARAM, Case Institute of Technology, Cleve- 
land 6, Ohio. 


D5b. 


D5c. 


Dód. 


D5e. 


D5f. 


D5h. 


Dsi. 


D5j. 


Friday Afternoon B-27 


The Lockheed Multiprocessor Simulation System, Jonn N. 
Maeurre, Lockheed Missiles and Space Company, Sunnydale, Cali- 
fornia. 


Military Personnel System Simulation, GEORGE O. WRIGHT, 
1000 6th Street, S.W., Apt. 206, Washington 24, D. C. 


Operations Research—or Systems Engineering—Analysis of 
the Relative Satellite Reconnaissance Effectiveness for Pre- 
launch Programming versus In-flight Operations Program - 
ming, PETER J. Jounson, Dept. 59-16, Lockheed Missiles and Spacz 
Company, Sunnyvale, California. 


Entropy Maximization and Statistical Rescaling of Spacecraft: 
Simulation Models, Eur, M. Murap, 5316 Ocean Blod., Long 
Beach, California, 90808, and Dennis M. GALVIN, 1184 Darby Street, 
Orange, California. 


A Mission Cost Model for Ferret Satellites, H. C. SEBRING 
Missile and Space Division, General Electric Company, Philadelphia 1 
Pennsylvania. 


- On the Use of CEP in the Contractual Specifications of Weap- 


ons Systems: A Suggested Alternative, MELVIN BROWN, Hughez 
Aircraft Company, Culver City, California. 


Systems Engineering and Operations Research—An Inquiry 
into Methodology, Ropzrt L. Porter, Clark Cooper, Field $£ 
Wohl, Inc., 128 High Ridge Road, Stamford, Connecticut. 


An Application of Hand-played Gaming Techniques to Sub- 
system Effectiveness Evaluation, FRANK IcHNIOWSKI and Ep- 
WARD MasLANSKY, Social Security Administration, Department oj 
Health, Education, and Welfare, Washington, D. C. 


Productivity and Quality Cost Approach to Analyzing Oper- 
tor Effectiveness, J. R. Worrz, S. SoovAJIAN, and W. EICHHORN, 
I.B.M., Kingston, New York. 


B-28 Friday Afternoon 


D.6. Operations Research in the Insurance Industry, 
(A Panel) 


Location: BALLROOM East 


Chairman: Gorpon SHELLARD, New York Life Insurance Company, New 
York, New York. 


D6a. Operations Research in Insurance. 
Panelists 


Davi H. Harris, Equitable Life Assurance Society of the U. S. 

Leroy J. Stmon, Actuary Insurance Co. of North America 

Joan M. BoznMEEsTER, John Hancock Mutual Life Insurance Company 
NATHAN F. Jones, Prudential Insurance Company 

James T. Byrne, Metropolitan Life Insurance Company 

BERNARD Suonn, Travelers Insurance Company 

'Trson FABIAN, Mathematica 


ABSTRACTS 


of the 
Twenty-seventh National Meeting 
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Ala. Position Paper, Herman CHERNOFF, Department of Statistics, Stanford 
University, Stanford, California. 

Although I have a natural tendency to prefer the subjective psychological prob- 
ability approach to inference, this approach is subject to enough criticism that I 
use it sparingly and sympathize mainly with the point of view that Statistics is 
too delicate to be subject to rigid axiomatic impositions. 

Objective axiom systems often impose some arbitrary condition based $n mathe- 
matical symmetries of the problem. The subjective systems lead to the existence 

_of psychological probabilities whose origins are shrouded in genetic mystery and 
whose description is baffling in many problems. 
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I believe that the fundamental difficulty lies in the fact that the axiom systems 
impose requirements of consistency which include the assumption that no relevant 
information may be neglected. This imposition, conflicts with the real world’s 
need to reduce complexity by ignoring information. Thus the statistician who 
samples from a human population uses random sampling to avoid falling into errors 
resulting from subtle and hidden relationships among the individuals of the popu- 
lation. His procedures require the tacit refusal to admit that he knows anything 
about the sample selected besides their responses. This conflict between the axiom 
systems and this vital practice carries the seeds of destruction for it is well known 
that any statement is derivable from the assumption of two contradictory state- 
ments. 

Thus I favor the use of psychological probabilities only in problems where there 
is supplementary evidence that “apparently” minor changes in the psychological 
probabilities have minor influence on the results. As Stein has shown, this is 
typically not the case in multivariate problems of high dimensionality and great 
care must be taken in those problems. 


Alb. Decision Theory as the Central Stem in an Engineering Curriculum, 
Mryron TnrBus, Thayer School of Engineering, Dartmouth College, Hanover, 
New Hampshire. 

All problems of engineering design must consider uncertainty. There are un- 
certainties with respect to the end use of the product, the materials of construc- 
tion, the methods of construction, and the value of the product in the market 
place. Any method of engineering design which prepares men for professional 
practice must cope with these uncertainties in an intellectually meaningful way if 
it is to appeal to our brighter students. Modern statistical decision theory, if 
properly presented, is & powerful tool to assist engineers in comprehending their 
problems. Unfortunately, the manner in which both probability theory and 
decision theory has been developed makes it difficult to apply. Recent develop- 
ments, particularly those by E. T. Jaynes, have made it possible to add statistical 
decision theory to engineering education in an easy way. In my talk I intend to 
demonstrate how the material is introduced by giving a few simple examples. 

The most important need at the present time is for a collection of meaningful 
illustrations which are simple enough to be solved with a minimum of computa- 
tional equipment and yet sufficiently complicated that the methods are justified. 


Alc. The Problem of Applying Modern Decision Methods to Business 
Situations, Dorpu G. EssniNG, General Electric Company, Schenectady, 
New York. 

As a result of complex defense system needs and theoretical studies, a number 
of probability concepts and decision theory methods have been developed in recent 
years. Although these methods have already proven their value in special situa- 
tions, these ideas have yet to be widely applied and accepted in industrial manage- 
ment problems. 

It appears that one of the reasons for this lag in acceptance is that these new: 
methods require a basic understanding of probability and mathematics. It is 
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therefore appropriate to examine the imperative need for effective educatioral 
programs covering the basic ideas and the applications of modern decision theory. 
In addition, there is a great opportunity for appropriate computer programs and 
display equipment which will permit the user to manipulate such routines as 
decision trees, Bayesian ‘estimation, Monte Carlo simulation, and capital invest- 
ment plans. In summary, the basic knowledge of these methods is available, tie 
needs are apparent, and we now need an educational bridge to link the two. 


A.2. Transportation Systems 
Location: STANBRO HALL 


Chairman: Martin Won, Economics Department, Littauer House, Har- 
vard University, Cambridge, Mass. 


A2a. A More Systematic Approach to Federal Transportation Policy, JoEN 
B. Mever, Harvard University, Cambridge, Massachusetts 

The Federal Government is involved today in many aspects of transportation 
development and regulation. The regulatory role is of long standing and well 
known. Less recognized is the fact that Federal expenditures on the development 
of transport facilities today total about $6 billion (exclusive of military sea ard 
air services). Several additional proposals for transport development are ncw 
being advanced for Federal support, the most publicized being the SST and the 
high speed railroad for the Eastern seaboard corridor. 

These very large expenditures warrant careful analysis and consideration. <n 
some cases systematic evaluations of individual projects have been performed. 
Rarely, if ever, though, have different federal transport projects been checked for 
their consistency with each other or with the larger goals of public transport policy 
as expressed by the executive branch, the legislature or regulatory agencies. 

To determine such consistency often would require careful and extensive system 
analyses in which the performance of transport facilities is evaluated in terms 5f 
impact upon at least the more important aggregate measures of national income, 
employment and general economic performance. Traditional benefit-cost evalua- 
tions, while useful and in most cases an improvement on present practice, can be 
misleading in evaluating transport investments because of being too partial, that 
is, by ignoring important system effects. Development of models that will gauge 
the mteractions between general economic performance and different transport 
development plans or policies pose substantial problems. Some progress has been 
made, though, and there is every reason to believe that with modern computer 
techniques further progress is quite possible. 


A2b. Systems Analysis and the Future of the Railroad Industry, A. 3. 
Lana, New York Central System, New York, New York. 

Operations research and systems analysis have had a somewhat indifferent 
record thus far m the railroad industry, one whose operational problems have 
always seemed a promising area for the application of such techniques. This 
paper focusses on the particularly significant promise of systems analysis as it is 
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now beginning to be applied within the industry. It explains why railroad opera- 
tions exhibit especially complex systems problems, why past efforts to subject 
these problems to rational analysis have been limited in their impact, and what 
has yet to be done to achieve greater success with such efforts. 

The paper discusses the special role of operational data systems in the establish- 
ment of analytical decision-making procedures and the indispensable contribution 
of large-scale computer simulation. It also explains the inevitable transformation 
of long-run, investment-oriented decision-making procedures into short-run, 
operations-oriented decision-making systems and the impact of such systems upon 
the future of the railroads. 


A2c. The Role of Systems Analysis in the Highway Transportation In- 
dustry, FRANK QUACKENBOSS, Operations Research Department, Research 
Laboratories, General Motors Corporation, Warren, Michigan. 

Analysis, prediction, and control are usually the major objectives of any system 
study. Small scale or locally isolated systems have been effectively treated (e.g., 
Holland Tunnel), and the results obtained are important and interesting. A need 
exists for enlarging the scope of such systems studies to include a more important 
interaction but limited enough to permit achievement of measurement and calibra- 
tion. Concepts such as road capacity, system capacity and saturation must be 
defined in an operational context and methodology established for model and pre- 
diction purposes. Although many urban area studies are in progress containing 
profound implications for the future, few if any seem to be devoted to development 
of suitable theory and, indeed, often rest on untested theory and assumptions. 
The paper concludes with a description of a subjective systems study of a road 
network containing both urban and rural components, and large enough in scope 
to demonstrate a practical and useful application of the systems concept. 


A.3. OR in Real-Time Computer Systems 
Location: PARLOR A 


Chairman: Martin L. Ernst, Arthur D. Little, Inc., 86 Acorn Park, 
Cambridge, Massachusetts 


A3a. A Criterion for Efficient Computer Storage Allocation in Real Time 
Systems, R. E. Herrman, A. D. Little, Inc., Cambridge, Massachusetts, and 


A3b. (Continuation), M. N. Perry, American Airlines, Albany Post Road, 
Briarcliff Manor, New York. 

The objectives of storage allocation to core and to peripheral memory devices, 
and the possible consequences of an unsatisfactory allocation, are reviewed. As 
an illustration, the actual problems faced in the allocation of disk, drum, and core 
storage in the American Airlines SABRE reservations system are presented. 

The objectives and operating characteristics of the SABRE system are described 
to provide the framework for establishing a criterion for storage allocation. The 
criterion is based on the fact that regardless of which system component actually 
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limits throughput capacity, the limiting factor which physically prevents the proc- 
essing of additional inputs is a lack of available core storage. The allocation 
problem is then shown to be one of minimizing the use of this quantity in the szs- 
tem. 

The effect of increased use of any system storage component is to increase the 
average size of the queue serving that component. This is shown to result, bcth 
directly and indirectly, in a demand for core storage, and therefore, the planmed 
use of any system storage component can be expressed in terms of this common 
quantity. In view of this, efficient storage allocation is achieved by assignmg 
storage in components such that the net effect on demand for core storage is miai- 
mized. 

The limitations in the use of the criterion proposed are discussed and a summary 
of much simpler but less effective criteria actually used in SABRE are reviewed. 
The benefits realized at each of these stages of storage allocation, as well as potentzal 
benefits from the use of the proposed criterion, are estimated. 


A3c. The Real Problems of Real Time Computing, A. G. OETTINGER, Harvcrd 
University, Cambridge, Massachusetts. 

Real time computing seems established beyond the shadow of a doubt for ru- 
merous applications where the response time of computer hardware is no longer a 
limiting factor. In spite of this, only a very few of the existing large scale real 
time systems have lived up to design expectations, if indeed they have worked at 
all. It is suggested that the formating, initial gathering, and updating of a reliable 
data base is one of the key factors often overlooked in systems design. Output 
data, therefore, tend to become inaccurate, or worse, uninterpretable, leading to an 
unstable situation where loss of confidence leads to further degradation of system 
performance. Design techniques for counteracting this tendency will be considered. 


A3d. Priority Scheduling of Time-Shared Computer Systems, MARTIN 
GREENBERGER, Sloan School of Management, Massachusetts Institute of Tech- 
nology, Cambridge, Massachusetts. 

Priority decisions arise whenever limited facilities must be apportioned amoag 
competitive demands for service. Broadly viewed, even the familiar first-come- 
first-served discipline is a priority rule. It favors the longest-waiting user, aad 
guards against excessive delays. Other priority rules, such as shortest-service- 
requirement-next, are keyed instead to considerations of operating efficiency. 
Urgency of request is still another common consideration. Since these considera- 
tions are often conflicting, a priority rule must serve as mediator. 

A priority operation of contemporary interest is scheduling a time-shared com- 
puter system among its concurrent users. Service requirements are not known 
in advance of execution. To keep response times short for certain users, service 
intervals are partitioned and priorities made dynamic and pre-emptive. 

In any automated operation, it is both easy and natural to place the scheduliag 
decisions under computer supervision; but the design of good automatic priory 
procedures is not a trivial task. Direct mathematical analysis can be helpful in 
clarifying basic relationships, but it does not provide a flexible operating tool. 
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Simulation and adaptive control are more versatile techniques, but they can be 
overweight baggage on a production run. Most perplexing are the questions of 
what constitutes satisfactory customer service, and what measures system perform- 
ance in meaningful terms. 

A number of researchers are wrestling with these problems at M.I.T.’s Project 
MAC, System Development Corporation, and other time-sharing establishments. 
Some of their findings will be discussed, and a variety of priority procedures will be 
considered. 


A.4. Contributed Papers on Probabilistic Models 
Location: BALLROOM WEST 


Chairman: James M. Dosse, Arthur D. Little, Inc., Cambridge, Massa- 
chuselis 


A4a. A Climate for Real Time, FREpERICK J. Burxn, Spector Freight System, 
Inc., 205 West Wacker Drive, Chicago, Illinois. 

A transportation company in process of programming a large real time com- 
puter system expects the experience gained from its present serial tele-processing 
operation to allow it to make the transition smoothly. Primarily this expectation 
is based on knowledge and attitude of personnel. The work force includes a large 
number of individuals at decentralized locations who provide information to a 
central headquarters and who have learned to observe rigidly controlled formats 
and to make correct use of codes. At the central headquarters is a group of sys- 
tems analysts, accountants, programmers and engineers, devising methods of 
handling information. These people have learned to stop thinking about prepara- 
tion time in terms of months and weeks and to start thinking in terms of minutes 
and seconds. There is also a corps of managers receiving information who have 
grown to look for exception reports and statistically processed results rather than 
mere listings of transactions. The present tele-processing system, although self- 
sustaining from the standpoint of cost justification, was installed primarily to 
create a climate favorable to the real time system now being programmed. 


A4b. On the Concept of FIFOV in Queues, B. KRISENAMOORTHI, Stanford 
University, Stanford, California. 

In several queuing situations, the order in which the units depart is not the 
same as the order in which they arrive at the system. We call this phenomenon, 
the “Violation of the ‘First In, First Out’ principle’ (FIFOV). A quantitative 
study of FIFOV is of operational importance in tandem queuing and many other 
situations. In this paper we give a general discussion of the concept and study a 
special aspect of FIFOV in a Poisson Queue (Poisson input and exponential service 
times) with two heterogeneous servers working in parallel. In this connection the 
time-dependent distribution of the output in a M/M/1 queue has been explicitly 
obtained. Defining X as the number of customers superseding a customer taking 
service from the slower channel, we obtain the distribution and the first two mo- 
ments of X under a queue discipline which is a modification of the usual one. An 
optimality criterion has also been suggested. 
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Adc. Optimum Communications Center Buffer Design, INTs D=zErGALvIS 
` and Ricaan C. Soucy, I.B.M., Kingston, New York. 

The advent of real-time computer system has introduced many interesting design 
areas, applicable for Operations Research. This paper describes methods for tae 
design of a central core storage area, required to buffer messages transmitted over 
communications lines between a central processor and its remote terminals. Sinze 
core storage is an expensive item relative to other storage media, it is importaat 
that the buffer area, which is usually the largest core consumer next to stored 
programs and whose core requirements exceed those of the latter in large systemcs, 
be designed as efficiently as possible. This paper describes and evaluates the vazi- 
ous techniques of assigning buffer storage; it covers both static and dynamic typss 
of core allocation and shows how to determine which one is more applicable to a 
given system. It further develops methods to determine optimum parameters 
such as block size and record size. Probabilistic techniques are used to optimal y 
determine the amount of required core storage. Derivations take into account 
restrictions such as those placed by program and hardware, chaining requirements, 
traffic rate, message lengths, system availability, and line interference. All egl- 
culations are in a mathematical form for easy implementation. 


A4d. Queueing Analysis of Real-time Computer Systems, Wer Cuane ard 
Donatp J. Wone, I.B.M., Kingston, New York. 

Recently development of the real-time environment has greatly influenced the 
design and altered the concepts of computer oriented systems. As the state 5f 
the art in the field of data processing continues to advance, the classical approach2s 
to system design and analysis are rapidly becoming increasingly inadequate such 
that more sophisticated means must be developed. This paper will consider such 
areas as the communication network, the message exchange, central processcr, 
auxiliary storage, etc. Within each area, a brief description is included for each 
of the following: the functional operation, the critical characteristics, the formula- 
tion and performance analysis. Many Operations Research problems are related 
to these types of systems. However, the subject material will be restricted to tke 
queueing and congestion analysis of these systems. The analysis will emplcy 
several queueing models which provide the transit time (the time required to process 
a, transaction, or a task), which is an important design criterion and the queue 
characteristics which determine the storage requirement and the competency of 
the device under investigation. Finally a survey of the problems encountered :n 
system design is made, accompanied by an outline of the currently available sola- 
tions and the problems yet to be solved. Some of the authors’ previous work cn 
real-time systems will also be discussed. 


A4.e The Application of Queueing Theory to the Design of Real-time 
Computer Systems, Epwarp W. Vzrrcg and WALTER A. Levy, Penmst.l- 
vania Research Associates, Inc., 27 South 86th Street, Philadelphia, Pa., 19104. 

The design of a real-time computer system involves very careful consideraticn 
of the relationship between the external load and the internal system structure. 

The external load is frequently described in probabilistic terms. The internal 

structure is generally characterized by the performance capabilities of the storage 
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or processing elements of the system and their functional relationships; the latter 
being essentially embodied in the computer program. Queuing Theory provides 
a number of models which are very useful in the design of these systems. These 
models can be employed to investigate such questions as the acceptability of shar- 
ing storage capacity amongst several requirements, delays in accessing certain 
devices, and the consequences of such delays on storage requirements and system 
performance. This paper will discuss the problems of designing the internal struc- 
ture of a computer system and show applicability of several specific queuing models 
to the solution of these problems. 

An illustration is the estimation of fast-access buffer storage capacity required 
in a multi-channel message switching communications center in which a slow- 
access magnetic drum is used as primary buffer for messages which temporarily 
overload particular output channels. Queuing Theory shows interdependencies 
among data input-output rates, processing speed, and drum access time. Other 
examples illustrate complexities of multi-processor/multi-memory real-time con- 
trol systems. 


A4f{. The Control of Multiple-Channel Queueing Systems with Mixed 
Input Streams, Jonn P. Youna, The Johns Hopkins University, Baltimore, 
Maryland. 

Two queuing models of general theoretical interest and applicability are pre- 
sented. These have been derived within the context of research in the Health 
Services that views a hospital as an input-output system influenced by both sto- 
chastic and controllable factors. In both models, the typical hospital ward has been 
compared to a limited, parallel-channel queuing system with mixed input streams. 
In the “rate control” model, arrivals are composed of a random, Poisson distributed 
input superimposed on selected constant rates of input. In the “adaptive control” 
model, arrivals are composed of a random, Poisson distributed input superimposed on 
an input controlled by means of instantaneous information feedback as to the state 
of the system. For both models steady state probability distributions are derived, 
together with expressions for expected value and system variance The decision- 
maker exercises control over system variance and the expected number in the sys- 
tem through the use of decision rules dealing with the arrival process. The models 
are generalizable to many situations where one is confronted with a demand for 
service that has both random and scheduled elements. 


A4g. A Simulation Approach to Evaluating the Effects of Redirecting 
Heteromorphic, Variable Delay, Queue Feedback in Multi-Channel, 
Parallel Systems, Ronatp Lessine and Jonn H. Moss, Social Security 
Administration, Department of Health, Education and Welfare, Washington, 
D.C. 

In parallel channel queueing situations with multi-type arrivals, a given type of 
arrival may generate further arrivals of other types on a given channel, leading to 
& variety of feedback in the system which tends to make the system unstable. 
This analysis is devoted to an evaluation of the effects of the feedback and the 
feasibility of redirecting this feedback from the initial service channel to another 
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service channel. An actual system is here described in which the types of arrirals 
consist of people (interviews), paper work and communications (mail and phone) 
resulting from the interview service, and development inputs, also consequent to 
the interview service. If one randomizes the interview arrivals on the parallel 
service channels, the effect of the feedback is to unbalance the load distribution 
across the service channels. By redirecting the “feedback arrivals" to alternate 
service channels, this loss of system stability is compensated. Mathemat-eal 
approaches to this problem have led to limited insight. Accordingly, in this sinu- 
lation the effects of random and/or scheduled redirection of “feedback arrivals” 
is assessed. 


Adh. Sensitivity Analysis of 473L Performance, SrANLEY B. Rosen and Ess 
S. NzvaNs, General Electric Company, Information Systems Operation, 4301 
Fairmont Avenue, Bethesda, Maryland. 

The 473L System was analyzed to determine expected system response time 
for a wide range of operating conditions. An abstract model of the system was 
constructed and used to investigate queuing problems associated with the general 
purpose computer and content addressable disc. System performance was esti- 
mated through analytic and simulation studies. The assumptions on system oper- 
ating characteristics and loads and the model will be discussed. Predicted System 
response time and utilization of the computer and dise will be given showing tkeir 
sensitivity to major system parameters. This study demonstrated the usefulness 
of modeling coupled with analysis and simulation for system design even when 
quantitative data on system loads is not available. 


A4i. An Operational Readiness Model for an Inertial Navigation System, 
J. J. Maursss, Autonetics, 3870 Miraloma Ave., Anaheim, California, 92828, 
and R. A. Netson, Vitro Laboratories, Silver Spring, Maryland. 

An Inertial Navigation System is provided on board a vehicle. Maintenaace 
capabilities and logistics support are provided in the system. The customer has 
directed that the system be designed to exceed a prescribed operational readiness. 
Reliability, repairability, logistics, and maintenance equipment are the categories 
of parameters considered. The number of failures requiring repair and realine- 
ment in an interval of time is assumed to be Poisson distributed. Also, the cis- 
iribution of times to failure is assumed exponential Similar assumptions are 
made for the service times as the repair and realinement activities. Under these 
assumptions, queuing theory is applied to derive an operational readiness model 
for the system. Many analyses of operational readiness are based on the ccm- 
binatorial approach and are limited to mathematical manipulations with the retio 
of system up time and the sum of down time and up time. Application of the cœ- 
binatorial approach to the system does not adequately reflect the effect of realiae- 
ment, insufficient spares and maintenance equipment, and non-repairable failuxes. 
To show these limitations, an analysis is included whereby the results of the queu ng 
theory approach are compared to those of the combinatorial approach. An analy- 
sis is also included to evaluate the effects of “cannibalization”’. 
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A4j. Operations Research Study in a Telephone Company Business Office, 
Joan M. Homes, JR., The Chesapeake and Potomac Telephone Company of 
West Virginia, 1500 MacCorkle Ave., Charleston, West Virginia. 

The work load or demand in a telephone company business office was divided 
into two classes: (1) customer telephone contacts which were nondeferrable, and 
(2) clerical work which was deferrable. The analytical work was performed on 
the non-deferrable demand, while the deferrable clerical demand was used in simu- 
lation models for completeness. The empirical distributions of both customer 
telephone contact arrival rates and lengths were compared to theoretical distribu- 
tions. When statistical tests did not show a good fit, a computer simulation pro- 
gram was written using the GPSS language. Both theoretical and empirical data 
were run on two simulation models. The results and implications are reported. 
Also it was recognized that the telephone contact demand was very similar to the 
demand in a central office which can be handled with queueing models. The use 
of queueing models produced relative results, but for total force requirements a 
simulation model was required. The reasons and results are explained. In addi- 
tion the models were used as a design tool to test a proposed change in a business 
office. And finally a deterministic model was used to estimate the effect of a ran- 
dom access computer on office operations. 


A4k. Analysis and Projection of the Historic Pattern of Supply of Ex- 
haustible Natural Resources. C. L. Moor, Box 582, Benjamin Franklin 
Station, Washington 44, D. C. 

In the exploration and exploitation of exhaustible natural resources, such as 
petroleum, the projection of the long-term supply of these resources is a prime 
factor influencing decisions for planning investments and in formulating policies. 
This paper presents a logical derivation of the Gompertz equation as a solution to 
this problem. Presented also is a more concise method of fitting data to the Gom- 
pertz curve than that given in textbooks. The method presented herein is being 
used for long-term projections of supply of crude oil, and of natural gas, on a world- 
wide regional and country basis. A typical example is given for one major oil- 
producing region of the United States. The correlations between the actual his- 
toric data and that calculated by Gompertz equations on four different components 
of supply, vary from .976 to .999 covering periods ranging from 24 to 36 years. 
The projections of the four components were consistent with each other. These 
typical results, coupled with the logical derivation given for the Gompertz equation 
as applied to this problem, merit consideration of this method. 


A.5. Contributed Papers on Design of Information and Control 
Systems 


Location: PaRtor B 


Chairman: KzuNzTH W. YAnNoLD, Dunlap & Associates, Darien, Con- 
necticut 
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Ada. Establishing Objectives, Measures, and Criteria for Multi-Phzse 
Complementary Activities, Sipnzy I. Firsrman and Davin S. STOLLCR, 
The RAND Corporation, 1700 Main Street, Santa Monica, California. 

In order to translate overall system objectives into operationally meaning“ul 
concepts for planning and evaluation, it is necessary to establish subobjectives for 
each of the phases of a multi-phase activity, and also for each of the complementary 
activities within each phase. Subobjectives for each phase should support the 
achievement of the system objectives, and the complementary subobjectives within 
each phase should combine to yield the phase subobjectives. Within each phase 
and activity, depending on the subobjectives, primary and secondary measurzs 
and criteria are constructed to ascertain progress toward (or retrogression from) 
the achievement of the subobjectives. Two particularly appropriate classes of 
measures and criteria are defined by a (1) time-limit-probability structure and a 
(2) within-limits structure. It is not always possible to structure subobjectives so 
that the within-phase and within-activities measures and criteria are complete:y 
concordant, and methods for overcoming this difficulty are discussed. Examples 
of the process and concepts described above are given in the context of generalized 
countdown and launch-commit activities. 


Abb. Requirements Analysis and Its Impact on Command System Design, 
Jonn A. Evans, Information Sciences Department, The MITRE Corporatian, 
Bedford, Massachusetts. 

The purpose of this paper is to discuss the important relationship between re- 
quirements analysis and the command system design process. Selected aspects of 
the conceptual design activities which were performed in connection with the evol1- 
tionary design of a planning-oriented command system for a unified command are 
illustrated in order to highlight this relationship. Initially, an overview of tke 
command system design process is discussed as a means of providing a contextual 
framework. In concluding this overview, some of the unique characteristics of a 
command system which complicate requirements analysis are identified. Sub- 
sequent discussion addresses the following questions: (1) What information should 
a command system requirements analysis contain? (2) Why is it needed? (8) 
How are its products jointly used by the system design organization(s), the “user” 
command, and higher level commands in the development of applicable design 
alternatives and in the control of the design process? The requirements analysis 
products, which convey an understanding of the command’s operational environ- 
ment and an understanding of how major command functions are executed, aze 
reviewed. Operational plan generation and modification (crisis re-planning)—a 
major command function—is discussed in greater detail. Effectiveness criteria, 
which were derived from the requirements analysis and which are uséful in eval- 
uating alternative design approaches to increasing command planning capabilities 
in view of future requirements, are identified. In concluding, some of the majar 
planning-related tradeoffs are discussed. 
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A5e. System Reliability in an Electric Utility, Burton V. Dean, Case In- 
stitute of Technology, Cleveland, Ohio, 44106 

Both system engineering and operations research have been concerned with the 
problem of designing technologically based systems for improving and controlling 
operational reliability. The system engineer usually attempts to design an optimal 
system to meet specified goals for reliability performance, whereas an operations 
research study will usually include an attempt to relate costs and effectiveness so 
as to allow for both selection of performance level and specification of system costs. 
The electric utility industry provides an excellent opportunity to apply new methods 
in operations research to old problems in system engineering. Although major 
advances have been made in the design of reliable power generation and distribution 
system components, such as boilers, generators, transformers, circuit breakers, and 
relaying equipment, significantly less is known about the reliability of complete 
systems. This paper presents a model for use in the design of an adaptive reliabil- 
ity control system for an electrical utility. 


Abd. Exercising the Modern Command System, W. H. Tertey, Cornell 
Areonautical Laboratory, Inc., Buffalo, New York, 14221. 

The design of a Military Command System is in part an evolutionary process. 
As modern weapon systems are acquired by operational units, the spectrum of 
choices open to the Commander becomes so broad that he must in turn acquire 
sophisticated tools to assist him in his decision-making responsibility, and in the 
exercise of his judgment. The choice of appropriate tools is a relatively difficult 
task for it involves people, procedures and machines together with all their inter- 
faces. The scenarios for the traditional CPX (Command Post Exercise) tended to 
examine, and to some extent evaluate, the interface between people, both vertically 
(up and down the Command chain); and laterally between commanders. In 
exercising a modern Command System, however, the scenario must consider in 
addition the man-to-machine and machine-to-machine interfaces; as well as how 
procedures and methods impinge on these. The cost of exercising a large com- 
mand system is so enormous that apriori assurance of meaningful results is essential. 
This has stimulated an inquiry as to which relationships should be explored, their 
nature, and the type of gaming which is appropriate. Above all, what is to be 
tested must be determined, and how the results are measured and interpreted must 
be clearly prescribed. 


A5e. Determining a Measure of Effectiveness for a Command and Control 
System, J. E. Gernocross and F. J. HupprEsroN, Command and Control 
Department, Defense Systems Division, The Bunker-Ramo Corporation, 8433 
Fallbrook Ave., Canoga Park, California, 91304. 

During the study phase of the MMRBM Command and Control System, many 
individual tyade-off studies were performed to aid in the choice of optimum values 
for critical parameters in the system design. In evaluating these studies, the prob- 
lem arose that the various requirements for the system conflicted with each other. 
The usual method of handling several objectives is to determine the relative im- : 
portance of the various objectives, weigh each objective accordingly and sum the 
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weighted efficiencies to determine the relative effectiveness of the system. The 
problem arises in objectively rating the various objectives; and then in obtaining 
universal agreement of the ratings. This paper will discuss the various conflicting 
requirements for a command and control system, and the method evolved ior 
determining the performance of the system design in response to these requiremerts 
without subjective weighting. The technique is applicable to other system evalu- 
ations. 


A5f. The Design of Command and Control Systems for Task Groups, 
Lawrence E ScHirsincer, George Washington University, Washington 6, 
DC. 

The design of efficient and acceptable management systems for the command 
and control of “task groups”, groups of interacting persons with a specific objecti ze 
—a research team, committee, military crew, or office staff—is critical for orga1 i- 
zational productivity. Design guidance based on principles of administrati ze 
management or behavioral research on group functioning is helpful, but not sufi- 
ciently delimiting. A more efficient design procedure would require (1) identii- 
cation of the variables relevant to effective group functioning; (2) grouping of these 
variables into relatively independent sub-sets, and (3) and solving the design pro»- 
lem of each independent sub-set separately so that they can be combined into =n 
overall solution. The sources of the critical variables in the management system 
are (1) characteristics of the major components of the system: the task group maa- 
ager, members, task environment, and task, itself; and (2) communication and coa- 
trol linkages between these components. This paper reviews the variables that 
have been identified in research studies as critical to effective group functioninz, 
their clustering into relatively independent sub-sets, and the relevant design ım- 
plications. 


A5g. Operations Research as a Money-making Management Tool in Small 
Production Runs of Electronic Equipment, JAMES A BIRDWELL. 

The use of Operations Research techniques to maximize profits in repetiti-e 
manufacturing processes is well established. In the case of developmental pro- 
grams, these same techniques are used to assess the time-risks involved in alterna:e 
technical paths. Even though OR is widely used in these cases, most managecs 
fail to consider OR in operations involving small production runs. This paper 
offers some guidelines to be considered in the use of these modern management 
techniques with small production runs of electronic equipments, including the 
necessary modifications to the classical approaches. The necessity of rapid az- 
counting feedback to verify the model and to pin point new areas for OR consider- 
tion is discussed. The organization of budgets, production, engineering, ard 
purchasing to permit the effective use of OR in small production runs is outline. 
An actual example of profit improvement due to the use of OR is discussed. The 
example is based on two contracts for the same electronics equipment at the sane 
bid price. Finally, it is shown that the use of OR not only improved profit, but 
also resulted in the delivery of improved equipment. 
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A5h. Evaluation of Alternate File Structures for Command and Control 
Systems, STrANLBY B. Rosen and Essre S. Nevans, General Electric Com- 
pany, Information Systems Operation, 4901 Fairmont Ave., Bethesda, Maryland. 

Studies were performed to determine how redundancy of:data can be used to 

reduce search time in response to single-user command and control system queries. 
Attention is focused on the function of retrieval from a large data base. Since 
searching comprises & major proportion of the time required to answer a query, 
various file structures whose use would significantly reduce search time were con- 
sidered. Equations were derived which allow a quantitative comparison between 
alternatives. The particular file design to be discussed is that of a directory in 
conjunction with serial files. By categorizing information only a relatively small 
part of the file need be retrieved and tested. It was concluded that system per- 
formance can be greatly improved by applying the equations and analysis de- 
scribed to specific systems. 


Abi. Project Cost Curve—Equivalent Linear Graphs, V. K. Hanna, Depart- 
ment of Civil Engineering, University of Waterloo, Waterloo, Ontario, Canada. 
The extension of Critical Path planning models dealing with the determination 
of the project cost for all feasible durations has not been used extensively by in- 
dustry, although mathematical techniques and computer solutions to the problem 
have been widely available. One of the reasons is the requirement of complete 
data—crash completion time, crash cost, normal completion time and normal cost 
—for each and every operation of a project, even though only a fraction of these 
operations is pertinent to the project cost curve solution. The paper presents a 
linear graph model of the project cost curve problem. Original theorems are 
developed to identify the redundant or non-critical operations in a project. Dis- 
carding the non-critical operation results in an equivalent graph composed en- 
tirely of critical and sub-critical operations. In the majority of cases, this leads 
to a very simple solution of the project cost curve. 


A5j. Testing for Error Contributions in Certain Man-Machine Control 
Systems, STANLEY P. E. Parce, Federal Aviation Agency, NAFRC RD-718, 
Atlantic City, New Jersey. 

A sequential operation man-machine—or all hardware—control system comprised 
of n series elements is considered. A systematic method of testing and subsequent 
analysis is described which isolates error contributions from individual elements 
and provides a framework for analytical investigation of the effect of variation 
of individual element performance. À known system input message results in 
measurable outputs from the following series elements. The error contributed by 
the i^ element is given by a linear equation which is a function of the measured 
outputs and a set of corresponding pre-computed ‘no error’ values. Intermediate 
recomputatjons are therefore not necessary. Considering the errors so obtained 
as independent random variables, use is made of the Moment Generating Function 
to illustrate the steps from data acquisition to analysis. Using normal distribution 
of errors, the ease of subsequent pencil and paper investigation of the effect on the : 
system error distribution of changing the nature of the individual element error 
distributions is shown. The ufility of such an undertaking in aiding decision- 
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making in terms of quantifying certain cost-benefit relationships before purchasing 
8 computer system is discussed for an example taken from Air Traffic Control. 


Abk. On the Use of Discriminant Analysis for Establishing Decision Rules, 
J. ZELNICK. 

The problem of developing decision rules for discriminating among alternatives 
is an acute one in many different types of management situations. For example: 
1) In selecting personnel, the company must make a decision on whether they 
should or should not hire an individual. 2) In selecting a vendor, a buyer must 
make a similar decision in regards to a vendor. 3) In granting a credit, the credit 
analyst must differentiate a good risk from a poor one. 

There are many similar types of problems of classification faced by management 
every day. The wrong decision in any one of these cases can result in large mone- 
tary losses. Consequently, for optimal results, decision rules applied to these 
situations should be based upon a scientific methodology rather than random choice. 

The scientific methodology which can be used to obtain optimal results combines 
a statistical technique known as discriminant analysis with a simulation program. 
This methodology accomplishes the following results: A) Determines the relevant 
variables. B) Weights these variables. C) Selects a standard score for establish- 
ing a decision rule. 

This approach has been successfully applied in credit evaluation and personnel. 
In terms of the credit application the following advantages were achieved: (1) All 
credit managers use the same system, thereby reducing individual differences among 
them. (2) The number of items on the application blank is reduced. (8) The 
amount of bad debts incurred is reduced by about 20%. (4) Accurate estimates of 
savings can be made by diagnostic programs before the system is implemented. 
(5) If the total system is used, the number of credit inquiries is reduced because 
of the use of the screening mechanism of the credit application form. 


THURSDAY NOON, MAY 6, 1965 LUNCHEON 
(12:15-1:45) 
Location: BALLROOM East 


Speaker: MARsHALL K. Woop, Director, Economic Programming Center, 
National Planning Association 


Subject: Quantitative Approaches to Public Policy Formation 


THURSDAY AFTERNOON, MAY 6, 1965 SESSION Be 
B (2:00-5:00) ° 

_ B.1. Systems Engineering or Operations Research, A Panel 

Location: Gnoreian Room 

Chairman: WILLIAM K. LINVILL, Stanford University, Stanford, California. 
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Bla. Systems—Profession Born of Technological Advance, WinuAM K. 
LINVILL, Stanford University, Stanford, California. 

Technological advances in computers, communication, and control have paved 
the way to development of the system area. The upper limit to the size of an 
effective system in the past was set by the ability to coordinate the parts. Auto- 
matic data processing has removed this constraint and now external factors such as 
economic value or rate of social acceptance set the limits on size. Analysis and 
design of systems now simultaneously involve both engineering and management 
problems. Insofar as system engineering sticks to physical system problems and 
operations research sticks to operational system or management problems, both 
are failing to serve today’s needs. 

System development and design involve a match between society’s immediate 
demands on one hand and present technological ability on the other. System 
planning involves long-range projections of society’s needs on one hand and of 
technical feasibility on the other, but with much less detail than can be supplied 
in near-at-hand problems. System research is the longest range of all. It involves 
patterns of objectives, patterns of realization, and processes of optimization to 
combine the two. ‘Thus the scope of the system field must include both hardware 
areas of engineering and human problems of management. It must range from 
the specifics of design to the abstractions of research. 


Bib. Position Paper, R. L. Ackorr, University of Pennsylvama, Philadelphia, 
Pennsylvania. 

System engineering is primarily concerned with the design of physical (mechani- 
cal, chemical, or electronic) systems. OR is primarily concerned with evaluating 
the performance of actual or proposed systems in which human (individual or 
collective) behavior plays a major part. Nevertheless, many of the concepts and 
mathematical techniques employed by the two are the same or similar. The two 
interdisciplines can interact fruitfully where OR evaluates the operation of a pro- 
posed system designed by system engineers and feeds back inputs into successive 
redesign stages. 

Design usually requires dealing with larger numbers of variables and relations 
than does evaluation. Hence, all possible designs can seldom be formulated let 
alone evaluated; hence, optimization must usually be replaced by satisficing. For 
these (and other) reasons the methodology of design must differ from the methodol- 
ogy of evaluation. Some of these differences will be identified and discussed. 


Ble. A Systems Engineer Looks at Operations Research, Rosrrr E. MACHOL, 
Systems Engineering Department, University of Illinois, Chicago, Illinois. 

It has long been clear that the viewpoint of operations analysts and system 
engineers are very similar, but that they tend to seek out different types of prob- 
lems; namely, the operations research man is most at home with a problem in which 
an operation exists and the tactics or operational methods are to be optimized, 
while the system engineer feels happier when he is given a problem in which a pres- 
ent system is being completely redesigned, or a new system is to be constructed, and . 
he can become deeply involved in the design of hardware. Front the viewpoint of 


Thursday Afternoon B-45 


one presently engaged in designing a curriculum for the education of system engi- 
necrs, this reflects itself in a different type of technological background. While 
both require heavy training in mathematics, the more the better, the system engi- 
neer must be just that—namely, an engineer—and he must have a solid grounding 
in a number of facets in modern engineerings. "The comments in this presentation 
will be centered around the education of modern system engineers. 


Bld. Position Paper, Arraur D. Harr, Television Engineering Department 
Bell Telephone Laboratories, Murray Hill, New Jersey. 

Operations Research and Systems Engineering may be seen as independent, over- 
lapping, or one wholly included within the other, depending upon the factor of 
comparison and the point of view In this talk, the two fields will be compared 
relative to their histories and current trends, methodologies, tools, and objectives 
The purpose of the comparison is to point to useful similarities, to preserve equally 
useful distinctions, and to suggest opportunities for future collaboration. 


B.2. Design of Command and Control Systems 
Location: STANBRO HALL 


Chairman: Josera H. Lewis, Institute for Defense Analyses, Weapons 
Systems Evaluation Division, The Pentagon, Washington 25, 
D. C. 


B2a. Requirements—The Illusive Elements in System Design, Joxr N. 
BrooM, Industrial Engineering Laboratory, The Franklin Institute, Phila- 
delphia 8, Pennsylvania. 

In the beginning of the design of command support systems there is & word: 
REQUIREMENTS. These requirements cannot be stated a priori uniquely and 
completely because the command organism must be responsive to the techniques 
which different commanders select to solve the problems which arise in changing 
environments and situations. 

Based on a preliminary statement of requiremens, an initial system design 
strives toward 

1. Early operational capability. This capability must meet the initial require- 
ments in terms of objective ertieria to the satisfaction of both commander 
and staff. 

2 Capability for ongoing system modifications and refinements. Systematic 
continual analysis of system operation must be provided to modify and expand 
requirements based on user experience with the initial system, on changes in 
the system environment, and on additional or changed demands placed on 
the system. 

Later system designs consist of successive iterations of the initial-system design. 

This approach affects the design concept of the subsystems. For example, in 
the personnel subsystem, use of in-house military user/analyst personnel must be 
emphasized. The hardware subsystem must be based on successive installations 
of modest equipment which can be procured by rental or purchase and activated 
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rapidly. Initially, the software subsystem must draw on existing computer pro- 
grams with the development of sophisticated software deferred to latter stages. 
The facility-subsystem design should be based on using existing facilities, supple- 
mented by modest construction which will encourage experimentation and change. 


B2b. Application of Information Flow Studies to Development of Com- 
mand Support Systems, Roserr H. ApAus, Institute for Defense Analyses, 
Weapons Systems Evaluation Group, Pentagon, Washington, D. C. 

Information flow research has become an integral part of studies of the ability 

of military staffs to react to and support crisis operations. Perhaps more important 
conclusions have resulted from analysis of information flow within a headquarters 
than from the more conventional message traffic analyses between headquarters. 
Development of information flow patterns under emergency conditions to indicate 
information distribution points, action offices and functions at various echelons, and 
decision times at each echelon has been informative in showing, for example: (1) 
How special security provisions modify standard and planned emergency pro- 
cedures for staff support; (2) The importance of checklists and other staff work in 
existence prior to an emergency arising; (3) The need for feedback from top echelon 
decision-makers to subordinate staff members to allow follow-up coordination on 
actions ordered away from headquarters; (4) Classification of periods of staff ac- 
tivity during emergencies to fit specialized types of staff personnel needed in initial 
and subsequent periods; and along with normal message traffic analyses, (5) Quanti- 
tative communication capabilities, time delays in information transmission, and 
over-loadings on communication facilities. 


B2c. An Approach to the Design of Command and Control Systems, W. F. 
BENNETT, Washington Systems Center, I.B.M., Bethesda, Maryland. 

'The purpose of this paper is to describe some of the developmental activities 
necessary to the design of large scale command and control systems. Develop- 
mental activities associated with the design of System 473L will be used as an 
example. System 478L is a large scale command and control system being imple- 
mented for Headquarters, USAF, to facilitate effective management of USAF 
resources particularly during emergency situations. When fully operational, the 
system will consist of numerous computational capabilities implemented on two 
high-speed data processors supported by automatic data links, several types of 
output devices, and numerous operator consoles. This paper will describe the 
developmental environment and the approach taken to satisfy the objectives of the 
system. Major developmental activities and their relationship will be described 
in terms of objectives and scope. Personal observations regarding developmental 
considerations having a significant impact on the design of large scale command 
and control systems will also be presented. 


B2d. Technical and Monetary Management of the Development of Com- 
mand Support Systems—A Continuous Activity—The Relationship 
of Funding Procedures to Development Problems, ROBERT H. SCHERER, 
Asst. Deputy Director of Defense Research and Engineering NMCS (TS) and 
Strategic Command and Conjrol, Department of Defense, Washington, D. C. 
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B.3. Earth Science Applications of Operations Research 
Location: PARLOR A 


Chairman: Dovernas L. Bmooxs, The Travelers Research Center, Irc., 
Hartford, Connecticut. 


B3a. The Exploitation of Geophysical Information in Naval Operations, 
Grorce H. Mity and Josepa G. BRYAN, The Travelers Research Cercer, 
Inc., Hartford, Connecticut. 

The problem of formal y defining the utilization of geophysical information end 
predietion has arisen in the context of naval operations which are sensitive to 2n- 
vironmental influences. A generalized formulation has been developed in whch 
the extent to which geophysical information can be exploited in an environmentzlly 
affected operation depends on (1) the establishment of an output measure Z of she 
performance of & system (operation), (2) the determination of system sensitiv-ty 
of Z to appropriate geophysical variables, (8) the decision options available to -he 
system operator (commander) in response to geophysical information, (4) the pre- 
cision with which the geophysical conditions which affect the system (operaticn) 
can be estimated from information available in advance of decision, and (5) che 
form in which estimates of geophysical conditions are expressed. 

The output Z on a particular occasion will depend simultaneously upon contol- 
label factors c, broadly identified with the level of effort expended, attendant cir- 
cumstances a, other than geophysical, and geophysical conditions g. When onl- a 
portion of the variability of Z can be accounted for in terms of values assigned to the 
recognized variables, the narrowest possible specification of Z is defined by a ccn- 
ditional probability function V(Z | c, a, g), in which all assigned variables (a, c, g) 
are treated as parameters. 

In the nature of geophysical phenomena, the values of g that are concurrent with 
the operation cannot be known exactly in advance, when the operational decision 
is made. Consequently, the exploitation of geophysical information ultimately 
rests on a prediction. The logical consequence of introducing a prediction is to 
eliminate the variables g and replace them by an auxiliary set of ascertainable stb- 
stitutes, or predictors, S. Let T'(g|8) denote the multivariate conditional dis- 
tribution function of g, with Š prescribed. With 8 replacing g, the specification of 
Z in terms of c, a, S is defined by another conditional distribution function F(Z | c, 
a, 8) where 


F(Z | o, a, 8) = [ete a, g) dr(g| 8) 


& 


In principle, the connection between forecast and operation resides in the prcb- 
ability distribution function F(Z | e, a, S) and enters via the probabi]ty distriku- 
tion of g given S. A forecast becomes functional in decision making when, by 
projective assimilation of available data, it helps to specify the probability d-s- 
tribution of the system output. Its role is to assist the decision maker in choosing 
an appropriate course of action, by enabling him to weigh the risks entailed in tae 
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options at his disposal. The purpose of the proposed formalism is to provide a 
rationale whereby the environmentally influenced risks can be specified. 

The generality of the formulation introduced here is illustrated by showing how 
the cost-loss matrix conventionally used to represent forecast ability may be identi- 
fied as a special situation. The potential of this generalized formulation is also 
suggested by its ability to clarify hitherto unstated and implied assumptions in the 
cost-loss matrix method. A brief description will be given of plans for a program 
of system evaluation by means of the general theory, in which V(Z | e, a, g) is eval- 
uated using system simulation techniques. 

The work being reported is part of a broader study conducted under contract 
with the Office of Naval Research. 


B3b. The Difference Between Weather Forecasters and Weather Advisors, 
R. R. Rape, The RAND Corporation, Santa Monica, California. 

During the last half of the last century, those natural philosophers who had been 
attempting to understand weather phenomena were called upon to organize weather 
services. Knowledge of the atmospheric processes was meager, but the weather 
advisories issued by these services were considered to be sufficiently useful to war- 
rant their expansion in most countries and the formation of international organiza- 
tions to provide weather data. 

While twentieth century science has improved our understanding of the atmos- 
phere, it has not kept pace in its ability to provide advice to those who could benefit 
from this increased knowledge. It is apparently no longer possible for the meteorol- 
ogist to communicate directly to the user. It is suggested that our improved, but 
still imperfect, knowledge of the atmosphere can best be transmitted by creating a 
link between the meteorologist and the user. This link, which has been personified 
by the term “weather advisor,” would combine the operational requirements of 
the users with the weather information of the meteorologist to produce advisories 
with direct application to the problem. The application of decision theory to 
properly stated forecasts might well produce the best advisories. 


B3c. The Synthesis and Use of Long Hydrologic Records in Resource Plan- 
ning, Myron B. Frertna, Harvard University, Cambridge, Massachusetts. 

The design and operation of a multi-purpose, multi-structure water resource 
system provide a fertile source for operations research problems. Planners are 
confronted by intractable difficulties in formulating objective functions and tech- 
nologic functions; typical complications include political constraints, uncertainty 
surrounding hydrologic inputs and economic demands, measurement of non- 
marketable outputs such as water-based recreation and flood control, and specifi- 
cation of an appropriate discount rate. To these economic and political issues we 
must add the details of hydraulic, geologic, and agricultural technology—the com- 
posite problem taxes our fastest computers and most imaginative designers. 

This paper deals with the status of research efforts directed at resolving the im- 
plications of hydrologic uncertainty. The thrust of the suggested analysis is 
digitals simulation of the prototype system, the model being subject to long se- 
quences of exogenous variables which were not actually observed but which, by 
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any ordinary test of statistical significance, are indistinguishable from the real 
record. The paucity of hydrologic records at most streams, and the enormous 
investments at stake, make it mandatory to utilize the available data in the most 
efficient manner. Traditional techniques, incorporating only the observed sequence 
or some “critical” portion extracted from it, fail to utilize all the information con- 
tained in the data, and are thus inefficient techniques. 

Analytical results and case studies based on the synthesis of records will be given; 
areas where applications of the model appear fruitful will be discussed. 


B3d. Resource Planning in Ocean Surveys, HAROLD NISSELSON, Operations 
Research Incorporated 

A national ocean survey program has been projected by the Interagency Ccm- 
mittee on Oceanography that would attempt to survey a major portion of the world’s 
oceans over the next 10 years. The resources of the Federal Government aside 
from those engaged in military oceanography and institutional research are in the 
process of being developed and organized. An operations research study sponsored 
by the Coast and Geodetic Survey, U. S. Department of Commerce, was undertaken 
in 1963 to develop tools for determining the requirements for ships, instrumentation, 
personnel, and facilities that will be needed to accomplish a comprehensive federal 
program in ocean surveys in an effective and economical way. This paper describes 
the results of all phases of the study to determine the type of ocean survey ship 
which would most economically be able to accomplish survey program effectiveness. 
The model, which was developed to analyze ocean survey ship performance in 
sample measurement programs of a worldwide ocean survey program, also permits 
estimation of a total effort required and the total cost for the most efficient program 
which can be designed. 


B.4. Contributed Papers on Methods and Applications of Decision 
Theory 


Location: BALLROOM WEST 


Chairman: Gorpon M. Kaurman, School of Industrial Management, 
Massachusetts Institute of Technology, Cambridge, Mass. 


B4a. Reliability Statements Under Uncertainty, Warren G. Brigas, Her- 
bridge House, Inc., 11 Arlington Street, Boston, Massachusetts. 

The probability of a successful mission (i.e. reliability) for an electronic system is 
often described as a POISSON process, whose failure rate is assumed to be known. 
This paper shows how subjective estimates, limited test data, or both can be used 
to compute better statements of reliability under such uncertainty regarding the 
true failure rate Techniques for expressing subjective estimates afe described, 
along with a Bayesian procedure for incorporating subsequent test data. A 
simple method of computing the resulting negative binomial distribution of failures 
is shown. 
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B4b. Optimum Policy Regions for Markov Processes with Discounting, 
Ricuarp D. Smatiwoop, The Institute im Engineering-Econemic Systems, 
Stanford University, Stanford, California. 

The Markov process is a useful model of many operational systems in which 
decisions must be made that are dependent on the state of the system. In this 
case, the real world decision policy can be modeled as the selection of a set of transi- 
tion probabilities and rewards for each possible state of the Markov process. The 
policy iteration technique developed by Howard is a powerful tool for calculating 
the optimum decision policy for the process if a very large number of transitions 
are to be made and future rewards are discounted. In any practical application, 
however, the discount factor may not be known exactly. In this case, it becomes 
important to know how the optimum policy depends on the discount factor. This 
paper considers the problem of determining the regions of the discount factor for 
which the same decision policy is optimum. An iterative technique is described 
for finding the critical values of the discount factor for which two or more policies 
are optimum. In addition, a relation for the derivative of the total expected re- 
ward with respect to the discount factor is derived. The results will be illustrated 
with a simple example. 


B4c. A Decision-Theoretic Evaluation of an Idealized Bomb-Damage As- 
sessment Information System, Uco O. GAGLIARDI, Dunlap and Asso- 
ctates, Darien, Connecticut. 

The decision task considered is that of scheduling restrikes against a partially 
destroyed set of targets while obeying certain constraints regarding the availability 
of weapons. The decision rules sought are those which maximize the conditional 
expected utility given the bomb-damage report received. The computation of 
these conditional utilities requires the formulation and use of 2 stochastic model for 
the noise (error) scattering processes which prevail in the information system being 
used. The difference in expected utility, resulting from the adoption of the in- 
formation system, is used as a measure of its effectiveness in supporting the decision 
maker. The determination of the decision rules leads to a convex programming 
problem for which the Kuhn-Tucker conditions yield a complete resolvent 
algorithm. 


B4d. Hypothesis Testing in Command and Control, H. Gumpert, Lockheed 
Missiles and Space Company, Dept. 51-84, Bld. 108, 111 Lockheed Way, Sunny- 
vale, California. 

In the design of Command and Control systems, relatively little attention has 
been directed toward a firmer foundation for the essentially dynamic nature of the 
command decision process. 

This paper attempts to view this process in the light of modern sequential de- 
cision theory. While the rigorous statistical approach is frequently inapplicable 
many principles can be incorporated. The requirements for functional system 
design, data processing and display which derive from the proposed approach are 
also discussed and illustrated. 
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Bie. The Constant Likelihood of the Residual Hypothesis in Bayesian 
Statistics, RayMonp H. Burros, System Development Corporation, 45 Hart- 
well Ave., Lexington, Massachusetts 

Whenever each of a finite set of mutually exclusive hypotheses is to be tested by 

observation (as in pattern recognition) a residual hypothesis is required to account 
for the possibility that all the original hypotheses are false. A prior probability 
distribution is postulated over the enlarged finite state space. The prior probabil- 
ity of the residual hypothesis then measures the prior doubt about the original set 
of hypotheses. For each of these, a multidimensional likelihood density is poscu- 
lated over the bounded continuous sample space. A constant multidimensional 
likelihood density is then deduced for the residual hypothesis from two postulates: 
(1) The residual likelihood is a never increasing function of the other likelihoods. 
(2) When marginal densities are obtained by integrating out any specified observ- 
able variables, the marginal density for the residual hypothesis is proportional to 
the previously mentioned never increasing function of the corresponding margiral 
densities from the other hypotheses. Then, after a vector of observations is ob- 
tained, the posterior probability distribution may be computed over the enlarged 
state space by Bayes' Theorem. The posterior probability of the residual hypothe- 
sis then measures the posterior doubt about the original set of hypotheses. 


B4f. Methods of Measuring Utilities Under Independence, PErER C. Firen- 
BURN, Research Analysis Corporation, McLean, Virginia, 22101. 

This paper describes a set of methods for constructing an individual’s utility 
functions for the n criteria in a multiple criteria evaluation situation under the 
assumption that the basic utility function e can be written in the additive form 
p(t, Xa +++, Ln) =¢r(t1) +¢a(a2)-+---+¢n(tn). The methods for constructing 
the e; include a gambles approach, a direct assignment method, and several ncn- 
probabilistic procedures based on indifference judgments involving two criteria 
at a time 


B4g. On the Expected Gain of a Markov Chain with Uncertain Transition 
Probabilities, J. J. MARTIN, Operations Research Center, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, 02139. 

In this paper a Markov chain with rewards is considered in which the transition 
probability matrix, P, is uncertain. Expressing this uncertainty in the form of a 
prior probability distribution, F(P]), with parameter t, it is shown that, assuming 
F satisfies a mild continuity requirement, the expected value of the n-step transi- 
tion probability matrix approaches the expected value of the matrix of steady-stete 
probabilities as n goes to infinity. Making the additional assumption that F is a 
natural conjugate distribution relative to the data-generating process of the Markov 
chain, functional equations for the mean and variance-covariance of the steady- 
state probability vector, =, are derived, where these expectations are regarded as 
functions of 4. These results lead to functional equations for the mean and vazi- 
ance of the gain, or expected reward per transition in the steady-state. Methods 
of solving these equations are discussed. Particular attention is given to approzi- 
mating the expected value of % and the expected gain by the steady-state probabil- 
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ity vector and the gain of the Markov chain governed by the mean of the random 
matrix, P. Error bounds are derived for this case. The paper concludes with some 
numerical examples. 


B4h. Hierarchically-Structured Sequential Decision Processes: A Bayesian 
Decision Theory Model, Marvin L. MawnuziM, Directorate of Trans- 
portation, Office of the Deputy Chief of Staff /Logistics, Headquarters U.S. Army, 
Nassif Building, Washington, D. C., 20816. 

This paper describes an extension of the classical Bayesian Decision Theory 
model which explicitly considers (a) the multi-level nature of many real problem- 
solving processes, and (b) the generation of alternatives over time. Highway 
location is used as an example, but the formulation is general. 

A Single-Level Operator is defined as any set of procedures for (1) generating an 
action, (2) predicting its consequences, (3) evaluating the predicted consequences, 
and (4) ranking the action relative to others previously generated and examined. 
Operators can have different costs (per action produced) and "levels." We say that 
operator A is of higher level than operator B is any single action generated and . 
examined by A can be interpreted as a set of actions of the type generated and 
examined by operator B. For example, in highway location a number of detailed 
highway construction plans, although different in some details, will be sufficiently 
alike to be represented by a single “location.” Therefore, the operator for gen- 
erating and examining locations is of higher level than the one for construction 
plans. 

In the class of problems of interest, the problem-solver has a choice of several 
operators, with different costs and levels. He uses an operator to generate and 
examine an action; then, he must decide whether to terminate the process, or, if not 
terminating, which operator to use next. Bayesian Decision Theory, extended to 
accommodate actions of different levels, can be used to compute the best strategy 
in this hierarchically-structured sequential decision process. 


B4i. Relevance of Statistical Decision Theory to Fault Isolation, RICHARD 
J. Marreis, Dunlap and Associates, Inc., Darien, Connecticut. 

The use of statistical decision theory in the analysis of fault isolation problems is 
examined. The fault isolation problem is analyzed as a game with experimenta- 
tion. The no cost experiment case and situations where the experiment costs the 
decision-maker time, dollars, ete., are investigated. The statistical decision theory 
approach is compared with other fault isolation procedures, such as the half-split 
technique and the Firstman-Gluss search rules. The potential use of statistical 
decision theory as a normative theory for the evaluation of training, information 
presentation, and computer aids in the fault isolation context is discussed. 


B4j. Optimum Bayes Strategies in Truncated Life Testing, ROBERT J. 
MARTEL, Technical Operations Inc., South Avenue, Burlington, Massachusetts. 
Bayes preposterior analysis is applied to the estimation of failure distribution 
parameters of a priori highly reliable components from a truncated life test. Trun- 
cation rules that are optimum in the Bayes sense are developed for typical cost 
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structures and exponential, gamma, and Weibull failure distributions. The 2ffi- 
ciency of this procedure is compared with classical maximum likelihood and confi- 
dence interval estimates. The most significant result is that maximum use is 
made of prior information about component reliability, and the terminal loss of an 
operational failure is treated explicitly in the analysis. Consequently, parameter 
estimates (and corresponding reliability estimates) are improved optimally even 
when a truncated test results in no failures. A particularly relevant application is 
the reliability testing of electronic components destined for use in advanced space 
missions, where the a priori mean-time-to-failure is on the order of 10° hours, tkere 
is a fixed time constraint on the duration of testing, and terminal loss strictly domi- 
nates sampling costs. 


B4k. Generation and Simulation of Attributes Sampling Plans with a 
Detailed Analysis of Wald's Sequential Probability Ratio Plans with 
Truncation, Har Nissiny, I.B.M., 2925 Euclid Avenue, Cleveland, Okio, 
44116 

The purpose of this paper is two-fold: (1) To explore the possibility of real-time 
statistical quality control plan development on a real-time basis instead of a ststic 
use of MIL standards and other orthodox techniques; (2) To research the trunca- 

tion effects on Wald's Sequential Sampling Plans and study respective € and 6 

shifts. This paper is written for mathematical statisticians who do sampling pian 

design for quality control. 


B4l. An Experiment with a Methodology for System Comparison and 
Selection, P. R. FArraNow, General Electric/ ASD, Daytona Beach, Florida. 
This paper presents selected (unclassified) results obtained in an Operations Re- 
search Study concerned with the problem of obtaining a quantitative, practical 
measure of system effectiveness or “value” needed for efficient comparison between 
and selection from a relatively large number of alternatives. The problem is de- 
fined and a solution is presented allowing “‘value” of a system to be estimated. The 
method employs the idea of so-called “indifference” or “trade-off” graphs. Data 
required for the construction of these curves are derived from individuals, qualified 
by experience with the system and its uses to render value judgements on -he 
relative worth of relevant variables defining the system. The problem of selecting 
variables needed for system definition is briefly discussed and a solution is offered. 
The nature and set-up of an experiment using these methods are described. 
Experimental results from this application are given together with an appropriate 
statistical test supporting the theory underlying the methodology. 


B. 5. Contributed Papers on Problems and Methods of Marketing 
Location: Partor B 


Chairman: Coartes K. Ramonp, Advertising Research Foundaticn, 
New York, New York 
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B5a. Monte Carlo Analysis of Consumer Behavior in Product Tests, RALPH 
L. Day, The Pennsylvania State University, University Park, Pennsylvania, 
16802 : 

When approximately the same number of consumers prefer each of two products 
samples in paired comparison tests, does this mean: (a) there is no difference be- 
tween the samples; (b) consumers can recognize differences but are not influenced by 
them; or (c) there are significant differences and consumers are influenced by them 
but these differences offset each other in such a way that a simple tie has occurred 
(which could be broken by any significant change in either sample)? The foregoing 
illustrates the kind of problem which is encountered in analyzing the results of 
product tests. Utilizing a model of preference structure and Monte Carlo simula- 
tion techniques, results of a large number of field product tests were simulated. The 
shapes of preference distributions, characteristics of products, and levels of sensi- 
tivity to differences were systematically varied in order to study their effects on 
product choice. ‘The results suggest some useful guidelines for both the design and 
analysis of field product tests. 


B5b. Introduction of a New Brand ina Highly Competitive Consumer Prod- 
uct Market: Problems, Measurement of the Impact, and Testing 
of the Managerial Hypothesis, Yosurro KunaTANI, Case Institute of 
Technology, Cleveland 6, Ohio. 

A new brand is often introduced by the company which has already been market- 
ing a well established brand(s), in order to further increase its market share in the 
industry, inerease its net earnings, or utilize its excess capacity, or some combina- 
tion of these. Whatever motive the company may have, the performance of the 
newly introduced brand must be measured by appropriately quantified criterion 
function. This paper reports on the recent study conducted by the author concern- 
ing the interaction between two brands of a typical consumer product, including a 
test of the hypothesis that the new brand competes with the well established brand 
at the beginning few years of introduction but that the former, after the initial 
introductory” period, enhances the sales of the latter for reasons such as strength- 
ening of the corporate image, etc. 


B5c. Improving the Accuracy of Market Share Prediction Under Conditions 
of Innovation: Practical and Theoretical Considerations in the Appli- 
cation of a Modified Markovian Model, RArAEL B. Cruz, Merle Thomas 
Corporation, Houston, Texas, 77086 and J. O. EASTLACK, JR., Bristol Myers 
Company, New York, New York. 

Because of the brand switching marketing patterns of most consumer products, 
the results obtained by a single consumer survey do not represent the steady state 
of the market, and it is necessary to take a dynamic approach to arrive as its stable 
distribution., Although the theory of Markov Chain Analysis is quite old, the 
application reported here is entirely new, and powerful enough to be seriously con- 
sidered by consumer market researchers. To date Markov Analysis has only been 
applied to the special case of stabilized markets, whereas its true power lies in its 
predictive application to markets in motion. Our modified Markovian model as- 


Thursday Afternoon B-55 


sumes unlimited time cells and time-dependent transition probabilities, since brand 
choice itself involves a cumulative preference learning process. We also intro- 
duce the concept of market control weighing at the individual respondent level. A 
time-dependent weighing process is used to develop a fourth order Markovian model 
and to arrive at a maximum likelihood estimator matrix for applying a first order 
Markov Chain. The use of this matrix as a two-person game model to develop 
optimum advertising strategies and a method for determining the relative degree of 
stability of the market are also shown. 


B5d. A Dynamic Model for Competitive Marketing in Coupled Markets, 
Mervin F. SHAKUN, Rutgers—The State University, New Brunswick, New 
Jersey. i 

A dynamic model is developed for competitive marketing situations involving 
products whose markets are coupled. By coupling it is meant that advertising 
dollars spent in generating sales for one product have an influence on the sales of 
another product. An idealized example of such a situation might be the case of two 
automobile manufacturers each of whom sells a low-priced and a high-priced sar. 

A game-theory approach is taken, and noncooperative equilibrium solutions for 

advertising expenditures are developed. Effectiveness is measured by discounted 

future profits. Various aspects of model building for coupled markets are dis- 

cussed. The present dynamic model extends previous work by the author cn a 

static model for coupled markets. 


B5e. A Biometric Model of Advertising, FEDERICO FRISCHKNECHT, University 
of Buenos Aires, Buenos Aires, Argentina. 

Jn order to use LP to optimize an advertising schedule the first problem is to deine 
8 common measure of noting as a function of advertisement format and media au- 
diences. Operational definitions of media-audience, advertising-space-audience, 
media-space exposure and advertisement noting are made in terms of probabilities 
referred to the population of the market segment considered as a marketing target. 
For a single medium the advertisement-noting probability is defined by means of a 
linear combination of media-audience product-detection and format probabilities. 
The advertisement-noting combination (reach)probability is the total probability 
for the different media. As media probabilities are conditional, the usual biometric 
distinction is applicable as studied by Spurgeon (rates versus probabilities (Kzrup 
(pure or absolute versus partial or relative probabilities) and others. The total 
advertisement-noting probabilities are simple but non linear combinations of the 
individual media probabilities. Such measure is useful to evaluate or simulate an 
advertising schedule but is not enough for the LP model. For that purpose the 
weights have to be defined in terms of independent or relative probabilities for each 
medium. A theorem due to Karup makes the conversion form relative to absolute 
feasible. The new calculated probabilities are no longer conditional, hence addizive 
and therefore an addequate weight for LP formulation. The total ‘probability is 
adequate for posttesting by means of a statistical sample of the pertinent market 
segment. The error distribution of this total probability is a measure of the sta 
bility of the model. 
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B5f. An Operational Theory for Marketing Differentiated Products, ROBERT 
C. Harn, Corning Glass Works, Corning, New York, and S. S. SENGUPTA, 
University of Pennsylvania, Philadelphia, Pennsylvania. 

The purpose of this paper is to develop a theory of strategic action for firms com- 
peting in an environment where there are a few firms selling a differentiated product. 
The theory is operational, that is, it depends exclusively on data available to a firm, 
not on subjective attitudes. An essential feature is a recognition of the stochastic 
nature of the sales process. This is embodied in the development of a probability 
model of sales from a detailed specification of the environmental and institutional 
factors affecting the firm. 

Two models are considered. The static model hypothesizes that sales depend on 
the levels of price and unit selling expense; while, the dynamic model hypothesizes 
that sales respond to changes in these variables. These models are applied to sev- 
eral objectives, and strategies for obtaining these objectives are developed. 

The basic probability model of sales has been verified with data generated by a 
process that simulates firms competing in the relevant environment. Some statis- 
tical summaries of the behavior of sales and profit are also presented. 


B5g. Effect of Company Objectives and Marketing Environment on Opti- 
mum Proposal Expenditures for a Government Contractor, EvERETT 
J. Dantets, Lockheed-California Company, Burbank, California. 

Aerospace contractors win government contracts through the submittal of pro- 
posals. The quality of the proposal is bound to be affected by the amount of effort 
which has gone into it. The award of the contract will, in turn, be influenced by 
proposal quality, but will also reflect some consideration for factors not controllable 
by the company. The company must allocate its resources in ignorance of the 
weight assigned by the evaluator to these uncontrollable factors, but with some 
statistical knowledge of their history. Quantitative relationships are developed in 
the paper for optimum effort allocations under differing statistical uncertainty 
distributions and under different company objectives. 


B5h. Imperfect Monitoring of a Markov Source with Associated Costs, 
Atvin W. Drake, Massachusetts Institute of Technology, Cambridge, Massa- 
chusetts, 02189 

A potential customer is modelled by a two-state Markov process. We wish to 
monitor the actual source state, but this cannot be done economically. At no cost, 
we may observe a noisy indicator of his present state. The indicator is considered 
to be a discrete, noisy, memoryless channel for which the actual source states are 
the channel input letters. At a fixed cost; we may buy perfect information about 
the present source state. Other costs are associated with correct and incorrect 
decisions based on our estimate of the source state after each possible transition 
time. The observer wishes to apply his knowledge of the source dependencies to 
determine an ‘optimal monitoring policy. A dynamic programming formulation 
is used to obtain the optimal monitoring policy. Certain limiting properties 
are obtained in terms of the steady-state statistics of the observer’s “‘state of 
knowledge” variable. Other applications are indicated for the theory of monitoring 

a Markov source through a noisy channel. 
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B5i. Improving Advertising Quality—An Analytical Approach, Irvin 
Gross, Scott Paper Company, Philadelphia, Pennsylvania, 19118 

Most O.R. activity in Advertising has centered on the effects of quantity (dollars, 
impressions, etc.). This paper attacks the problem of quality. With an estimate 
of the probability distribution of the quality (i.e. sales effectiveness) of ads that are 
likely to be produced, the paper attempts to find the optimal number of alternative 
ads it is economic to generate and test in order to choose one for running. The 
results seem to indicate that a greater expenditure on advertising generation nd 
testing might be a very profitable investment. In addition, there are some impli- 
cations about the fundamental agency-company relationship. 


B5j. Variance Considerations in Operations Research Design, Er: S. Marks, 
Wharton School, University of Pennsylvania, Philadelphia, Pennsylvania. 

Most OR solutions, while recognizing stochastic processes, aim at a solution based 
on an expected value. "Variance ean be treated in one of 3 ways: (1) ignoring it; 
attempting to reduce or eliminate it (2) non-statistically or (3) statistically. Ap- 
proach (1) has great advantages of convenience. It may well, however, lead to a 
solution where the “expected gain” ignoring variance is less than the standard devi- 
ation of the gain. An illustration will be presented in which the “expected gain” 
allowing for variance is actually a loss. In approaches (2) and (8), it is frequertly 
important to take into account different levels of variation. For example, meny 
models of consumer choice lay emphasis upon the factors which cause variatior in 
the choice of a particular individual and (more or less) ignore between individual 
variation. If it possible to tailor decisions to the individual choice, it is quite ap- 
propriate to ignore between individual variation and concentrate on indiviaual 
choice functions. But most decisions in the real world require setting a uniform 
policy for all individuals. For example, the decision may be between (a) reducing 
prices 10¢ per unit, (b) spending 10¢ more per unit to improve service or qual-ty, 
(c) spending 10¢ more per unit on advertising (or “propaganda”). We must, how- 
ever, make the same decision for all customers—i.e., we can’t reduce price for A, 
improve service for B, and give C a better “sales pitch” although the optimum 
policies for A, B, and C respectively may well be to do precisely that. Under sich 
circumstances to make a perfect determination of the optimum for each of a sample 
of persons may be of little value, if the variation among persons is large and the 
sample is small. 


B. 6. Contributed Papers on Problems and Techniques of Inventory 
Control 


Location: BALLROOM East 


Chairman: Evwarp H. Bowman, Massachusetts Institute of Technolcgy, 
Cambridge, Massachusetts. 


B6a. An Approximate Solution for a Multi-echelon Inventory System, R L. 
LAYTON, Bell Telephone Laboratories, Holmdel, New Jersey. 

This paper involves the determination of an approximate ordering policy for a 

multiple installation inventory system, or more specifically, a multiechelon invan- 
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tory system. A three installation arrangement is considered and a model is de- 
veloped making several of the standard assumptions ued for dynamic systems. A 
cost, function C,(X1, X», X3) is defined recursively for installations 1, 2 and 3 in 
terms of the respective inventories Xi, X», Xs C4 (Xi, Xs, Xs) represents the mini- 
mum expected value of the discounted system costs if there are n periods remaining 
and an optimal procedure is followed throughout. The problem of determining 
optimal ordering policies is a dynamic programming problem which is theoretically 
solvable. The difficulty, however, is of a computational nature since at present no 
feasible means of computing the policies exist. This paper develops approximate 
ordering policies which are obtained as a result of bounding the original cost function 
Cn(X1, Xs, X3) by a sum of three functions, each of a single variable. The bounding 
functions include the cost functions for the well known single installation problem 
and the same numbers that characterize the single installation policies also charac- 
terize the policies developed in this paper. Several computations were performed 
and the results indicate that the model is good for a small number of periods. Be- 
havior for large n needs further consideration. 


Bób. Decision Aid for Spare Parts Provisioning, L. R. Gursrapt, North 
American Aviation, Space and Information Systems Division, 12214 Lakewood 
Blvd., Downey, California. 

This paper presents the results of a team effort to develop a tool used asa decision 
aid in determining quantities of spares to be ordered. The analytical solution is of 
the probabilistic closed form type with an open ended result since one set of input 
data results in several sets of output data. This output information is then used by 
the decision maker when determining what quantities to order. The selection is 
based on the input confidence level required of the data plus the required availability 
and costs of spares. Order quantities are calculated from equations derived by 
considering an inventory control diagram; the parts flow process; burn in, wearout 
and random failure modes; and the costs due to normal provisioning or having a 
shortage or an overage of spare parts. The computer program is described, several 
applications are shown in regards to its usage and the results of a sensitivity analysis 
are given. 


B6c. Bayesian Determination of the Reorder Point of a Slow Moving Item, 
Epwarp A. SILVER, Arthur D. Lille, Ind., 35 Acorn Park, Cambridge 40, 
Massachusetts. 

Consider an inventory item for which the procurement (or production setup) lead 
time is non-zero. One of the commonly used methods of determining the reorder 
point of such an item is to specify a desired service level (fraction of demand that is 
to be instantaneously satisfied) and then select the reorder level that will provide such 
service. However, such an approach has assumed that the probability distribution 
of demand during the lead time is exactly.known. In many inventory situations 
this assumption is not justified, particularly in the case of a slow moving item with 
limited available sales history. For such a situation this paper explores the use of 
a Bayesian approach to selecting a reorder point. A discrete distribution of de- 
mand in the lead time is assumed; however, the probabilities of the various demand 
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sizes are not assumed exactly known, rather a multi-dimensional Beta distributian is 
placed over them. A discussion of how to select the prior parameters of this Eeta 
distribution is included. Finally, a simple expression is developed for the reorder 
point as a function of the service level, the aforementioned prior parameters and 
any additional sales data. 


B6d. Practical Aspects of Economic Order Quantities, InviNa Katz, Opzra- 
tions Analysis Office, HQ Air Force Logistics Command, Dayton, Ohio. 

The application of Economic Order Quantity (EOQ) management theory in the 
real world suffers from its inattention to many problems, two of which have been 
attacked in a recent AFLC study. First, the theory assumes that demand rctes 
are stationary distributions. The new study searches for trends and abrupt charges 
in demand, and translates its findings for the standard EOQ formula. Second, by 
making Safety Level calculations independent of the EOQ formula, the theory as- 
sumes that the quantity procured in each cycle is not related to support effective- 
ness. This is not valid, because the percentage of time in which there is an exposure 
to shortages is affected by the frequency of procurement. Therefore the new study 
has introduced improved rationing procedures and an initial effort to improve 
Safety Levels. In the process, several special purpose estimates of the demand 
rates are used, in contrast with typical multi-purpose application of a single es- 
timate. A computer simulation of some of these procedures reveals that they 
simultaneously reduce costs and increase support effectiveness. 


Boe. Improved Control of an Operating Distribution System, James P. 
Morris and Rosrert CLEVELAND, Operations Research Incorporated, 1400 
Spring Street, Silver Spring, Maryland, and Josera GrasgR, American sir- 
lines, New York, New York. 

A case study of an operating assembly and distribution system is presented. Six 
subcontracted components are assembled in fixed ratios into modules at 81 assembly 
and distribution points (ADPs). Although the total number of modules to be dis- 
tributed from each ADP is known, the rate of distribution fluctuates. Three mejor 
problems were encountered: in many cases, component inventories at indivicual 
ADPs were not in the specified modular ratio; procurement and production acziv- 
ities had to be scheduled to satisfy the fluctuating demand; high transportation costs. 
Scheduling problems were solved by extending an existing PERT/CPM system 
into the procurement/production cycle. Transportation costs were reduced by 
using existing computer programs of the Transportation Model. A special mcdel 
was designed to solve the inventory problem; salient features of the model were its 
consideration of consumer priorities, and its susceptibility to automatic data process- 
ing. The proferred solution did not purport to optimize system operation, bus it 
attacked the most pressing problems, and could be implemented with relative ease 
through the coordinated use of several well-understood concepts. 


B6f. An Allowance List Decision Rule on METRI, Bernard N. SAMEns, 
Clark, Cooper, Field & Wohl, Inc., 123 High Ridge Road, Stamford, Connecti-ut. 
The lowest inventory echelon in the Navy (the ship) is controlled by means of an 
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allowance list which specifies the inventory of each spare part to be carried. The 
allowance list reorder is on a one for one basis. The decision problem in selecting an 
allowance list, then, is specifically the range (which) and depth (number) of spares 
to be carried. The technique described, develops a decision rule which takes into 
account the cost, reliability and military essentiality of spare parts. “Readiness” 
of the ship is the objective function which is maximized for a given investment cost 
constraint. The “readiness” function is developed using the METRI (Military 
Essentiality Through Readiness Indices) technique. Basic to this concept is a 
simulated structural model of the ship through which the effect of particular spare 
parts (on the list) to the readiness" of the ship is evaluated, based on their con- 
tribution to improved reliability. The technique, in addition to producing a partic- 
ular list, can be used to evaluate the readiness and cost of any actual (or proposed) 
list. 


Bóg. A System for Evaluating Purchase Strategies in Resale Industries, 
James H. HEEREMANS, Arthur Anderson & Co., 294 Washington St., Boston 8, 
Massachusetts. 

The range of gross profit potential for distributor or jobber operations is normally 
specified by the original manufacturer through publication and wide dissemination 
of purchase and resale price schedules. In many industries these price schedules 
contain numerous quantity discount levels for both the distributor (when he makes 
purchases from the manufacturer) and the retailer or ultimate customer (when the 
distributor consummates a resale). The actual gross profit achieved by the distrib- 
utor on any single transaction fluctuates widely depending upon the relationship 
between his original purchase quantity from the manufacturer and the size of the 
resale order to his customer. This paper presents a practical system for identifying 
the purchase quantity the distributor should select to maximize the gross profit 
from his operations including inventory carrying cost considerations. The system 
is based on the formulation of probability distributions describing customer demand 
patterns in terms of the distribution of individual resale order quantities as well as 
total demand for an item. These demand patterns are then applied to buy-sell 
gross profit matrices and optimal purchase strategies for each item in the distribu- 
tor’s line are formulated. 


Boh. A New Approach to Inventory Stockout Penalty Costs, BENJAMIN L. 
SCHWARTZ, Data Dynamics, Inc., 306 Webster St., Monterey, California. 

In classical inventory models, penalty costs are often included. These occur 
whenever the demand for a commodity temporarily exceeds the supply. They are 
assessed linearly; that is, so many dollars for each unit of shortage. The rationale 
often given is that the occurence of unsatisfied demand will cost the firm in cus- 
tomer goodwill. But it is universally acknowledged that the actual measurement 
of the penalty coefficient is exceedingly difficult. An alternate approach to stockout 
penalties is given in this paper. The central idea is that a customer may change his 
ordering pattern as a result of encountering an outage. The frequency with which 
he places orders or the average order size of orders may be reduced. Thus, when a 
shortage occurs, the firm may experience noimmediate penalty, but its demand pat- 
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tern in the future will be perturbed, and it will see a penalty in the form of some loss 
of potential future sales. Several models using this idea are developed, and optimal 
stock management policies for the firm obtained. The relationship between such 
models and the classical ones is also obtained. 


Bói. The Weibull Distribution as an Inventory Control Application, JOsEPH 
W. Tms and Jaapism N. Pater, Microswitch Division of Honeywell, Inc., 
Chicago and Spring Streets, Freeport, Illinois. 

The problem of creating a filter to eliminate large, extraneous customer orders 
from a demand distribution has continually plagued computer oriented forecasting 
and inventory control systems. These non-repetitive orders increase stock balances 
while providing little or no return on the additional inventory investment. A com- 
puter program utilizing the Weibull distribution can be used to replicate the actual 
demand distribution and isolate the extraneous customer orders. This technique 
has the advantage that it is a family of curves which can represent distributions 
ranging in form from exponential through normal, dependent upon the actual sam- 
ple value. Heretofore restricted mainly to reliability testing and quality control 
applications, the Weibull distribution has definite merit in demand distribution 
analysis. By calculating the Weibull of best fit for each product and analyzing 
percentage points on the upper tail, the quantity beyond which all customer orders 
should be job shopped can be determined. Simulation techniques involving fore- 
casting, lot size reordering, and customer order classification can be used to present 
management with alternative quantity cutoff points. Decisions concerning the 
most feasible quantity cutoff can be based upon the mix between job shop and stock 
replenishment work orders, workload fluctuation created, inventory levels main- 
tained, average shipping delay to customers, and back orders generated. 


B6j. Optimal Procurement Decisions for Spare Aircraft Components, D. 
Horxsrra, R. L. Deemer, and S. Gapjaro, Frankford Arsenal, Building 
109-8, Bridge and Tacony Streets, Philadelphia, Pennsylvania. 

There has recently been an intensified search, initiated by the Assistant Secretary 
of Defense (Installations and Logistics) in response to Congressional criticism, for 
improved management techniques in the area of aircraft spares. This paper dis- 
cusses a decision model for the procurement of major aircraft components such as 
engines, transmissions, gearboxes, etc., which was developed for the U. S. Army 
Aviation Materiel Command. Important factors in deciding how many items of 
each component should be carried in support of a given aircraft type are: the per- 
formance characteristics of the supply and maintenance system, the failure charac- 
teristics of the different components, the number and geographical dispersion of the 
aircraft population to be supported, and the relative costs of components and air- 
craft. A two-level circular inventory model was developed earlier which is used | 
to find the relationship between the number of spares and the “optimal” supply 
performance for a particular component. It is shown how these inventory level/ 
supply performance relationships can be approximated with exponential functions. 
It is then possible to derive, analytically, the combination of spares levels for the 
different components which maximizes the availability and consequently the opera- 
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tional readiness of the supported aircraft population given a certain total spares 
procurement budget. In principle, an “optimal” procurement budget can be 
formulated by attaching a cost to each (average) aircraft down for lack of parts. 


THURSDAY EVENING MAY 6, 1965 
(5:30-7:00) 
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Location: BALLROOM WEST 
(7:30) 


Banquet 
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Retiring Presidential Address 
Groran E. KrMBALL, Vice President, Arthur D. Little, Inc. 
Introduced by 
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C. 1. The Structure of Investment Decisions 

Location: GgoRGrAN Room 


Chairman: Gxorar R. Murray, Operations Research Center, Massachusetts 
Institute of Technology, Cambridge, Massachusetts. 


Cla. Practical Difficulties in Attacking the Investment Problem, HERBERT 
Ayres, Morgan Guarantee Trust Company, New York, New York. 

While it is true that recent decades have brought us to the point where it appears 
possible to treat the investment decision under uncertainty, the way is neither easy 
nor clear. There are a variety of difficulties. Very little is known about investor 
preference. In spite of the expected value of utility theory very little experimental 
work has been done, and there is some question about experimental techniques for 
ferreting out decision makers’ indifferences Almost all appropriate models require 
» estimation of future events which are uncertain. Few of these estimates have been 

made historically and recorded. As a result it is difficult, if not impossible, to vali- 
date a particular technique or theory using historical information. Furthermore, 
at least with respect to stock market prices, experiments must extend over years to 
develop confidence that & particular tool represents an improvement on present prac- 
tice. Additionally, the mathematical treatment of diversification is so cumbersome 
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in its pure form that approximations must be sought. Finally, the very nature of 
the stochastic processes of the market place are not known. As a consequence, 
quantitative statements about the confidence of projected values are questicnable 
at best. As is usually the case in operations research, the essence of the prok_em is 
to pick a set of short cuts and approximations which allow operational feas‘bility 
without sacrificing accuracy. 


Clb. Mathematical Models in Capital Budgeting: Opportunities and Limi- 
tations, CHARLES CHRISTENSON, Harvard Business School, Soldiers Field 
Road, Boston, Massachusetts. 

There has been increasing interest in the application of mathematical mocels or 
techniques in capital budgeting. In addition to variants of the discountec cash 
flow approach, recent years have seen a growing literature on models dealing with 
such important problems as interdependent investments (e g , programming models) 
and uncertainty (e.g., simulation models). This paper will discuss the róle these 
sophisticated techniques have to play in the overall capital budgeting program of a 
firm. It will emphasize the limitations as well as the opportunities, pointirz out 
circumstances under which a management would be well-advised to reject s pur- 
ported “optimum” generated by such techniques. 


Clc. The Effect of Accounting Conventions on Business Investment Stand- 
ards, Jonn F. MaaEz, Vice President, Arthur D. Little, Inc., 96 Acorn Park, 
Cambridge, Massachusetts. 

Within most sizable corporations, the problem of investment management ‘s one 
of directing the flow of funds from operating revenue or from outside sources into 
expenditures that will stimulate adequate revenue in the long run. The distizctive 
characteristic of an investment expenditure is that the resulting revenues will be 
spread over a measurable time in the future. 

A number of systems are in use today, usually several within a given firm, to 
manage investment decisions of various types. These are characteristieallz not 
designed to deal with the total investment in a given venture but tend to be frag- 
mented and heavily influenced by accounting conventions. Accounting canven- 
tions in the tradition of conservatism and from a search for historical consissency 
have lagged the shift in the character of business investment and in fact do not 
readily permit the identification of investment from the accounts of the firm. 

An attempt will be made to classify investment management systems and show 
how accounting conventions have affected the design and operation of these systems. 


Cid. The Nature of Risk in Investment Decisions, Davin B. Hertz. Mc- 
Kinsey & Company, New York, New York. 

Investment decisions are subject to a variety of uncertainties that, whe» 
combined with the stake at issue, determine the degree ofrisk involved. Itisimpor- 
tant to recognize that the risk perceived by the individual taking part in an institu- 
tutional decision-making process may be quite different from the risk for the insti- 
tution as a whole, or any of its parts. The nature of the risk is, in part, described 
by individual utility functions. Beyond the utility function, which may have mean- 


B-64 j Friday Morning 


ing when the uncertainties and stakes are well known, are the risks associated with 
estimates of these elements of the investment decision. It is one thing to know the 
odds on a throw of a pair of dice; quite another to estimate, among other things, the 
number of dice, the number of sides of each, and what is on those sides. In addi- 
tion, the usual investment decision has an uncertain stake. For these reasons, 
knowledge of risk is critical to successful decision making; for these same reasons, 1t 
is more often ignored or heuristically explored than rigorously examined. Methods 
of exploring risk in various kinds of investment decisions will be described and an ap- 
proach to clarifying the relationships among uncertainty of stake and uncertainty 
of outcome discussed. . 


Cle. Problem Areas in Securities Analysis and Portfolio Management, L. 
G. Pecz, Goldman, Sachs and Co., 20 Broad Street, New York 5, New York. 

'The paper stresses the advisability of understanding in detail the methods and 
techniques which are currently used by successful analysts and financial managers 
before attempting to build sweeping models as a basis of long-range strategies. The 
areas to be investigated fall into three convenient classes: 

Methods of projection, strategy and timing of trading, and measurement of 
performance. 

In the first category, the importance of earnings projections is brought out and 
suggestions are made for refinements and modifications of existing techniques. In 
the second category, an example of trading stragegy which is widely used for “‘bal- 
anced” portfolios is discussed in detail. What appears on the surface to be an 
inferior method of handling portfolios, turns out on closer inspection to have unsus- 
pected advantages. A mathematical treatment, based on a simplified model, sug- 
gests that a full scale simulation should be carried out before making definitive 
recommendations. The last category is discussed only far enough to make clear the 
need for a variety of techniques of measurement corresponding to the variety of 
tasks in securities analysis and the variety of objectives in portfolio management. 


C. 2. Stochastic Models in Marketing 
Location: Stansro HALL 


Chairman: LAWRENCE FrrepMan, Operations Research Director, M and M 
Candies, Hacketistown, New Jersey 


C2a. The Use of Stochastic Market Models in the Analysis of Consumer 
Panel Data, Jerome D. Hurnirer, Arthur D. Little, Inc., Cambridge, Massa- 
chusetts. 

The principal stochastic models in use for the analysis of consumer behavior are 
*he semi-Markovian model and the linear learning model. Both models are being 
used to analyzetmarket changes as reflected in consumer panel data. 

The basic structure of the linear learning model is that each consumer has a set of 
parameters at every point in time. These parameters can be interpreted as the 
probability the individual will purchase each brand on his next purchase occasion. 
After a purchase of a particular brand, all of the parameters are modified by means 
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of linear transformations. We assume in the semi-Markov model that each ecn- 
sumer can be characterized by a Markovian transition matrix, a time between pur- 
chase distribution and a purchase size distribution. In its simplest form the transi- 
tion matrix is assumed to be the same for all consumers. 

While both models provide useful guides for the analyses and interpretation of 
panel data, both models are demonstrably incorrect. To explain the data mcre 
completely it is necessary, in the semi-Markovian model, to assume distributions of 
the transition matrices over the population and to assume distributions of the par- 
rameters in the linear learning model. These extensions yield more appropricte 
models of ‘consumer behavior. 

Examples drawn from the Chicago Tribune panel data will be used to demonstrate 
the strengths and weaknesses of both models. Further extension of the modals 
shall also be discussed. 


C2b. New Product Introduction—A Perturbation in the Market Place, 
BENJAMIN Lipstern, Benton & Bowles, Inc., New York, New York. 

A new product introduction in test markets causes a disruption of existing atii- 
tudes and buying patterns in the product category. These disturbances are cb- 
servable in the attitude and buying matrices. A stochastic model is suggested 
which describes the dislocation that occurs m the market place. The ensuing st- 
titude and purchase matrices which are Markovian are also non-stationary. An 
analytical method is provided for handling these non-stationary chains under re- 
stricted conditions. Some mathematical criteria are given which indicate when 
the market will return to normal and what the share achievement of the new braad 
is likely to be under stability conditions. 


C2c. A Model of Adaptive Control of Promotional Spending, Jonn D. C. 
Lirrug, Sloan School of Management, Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 

A simple model of adaptive control of promotional spending when sales resporse 
changes with time is analyzed and then illustrated by simulation. In the modzl, 
company sales (and therefore profits) are a function of a promotional spending rate 
z. Sales response to z changes as a result of changes in a parameter of the sa-əs 
response function. Information about the parameter is collected each time perbd 
by performing an experiment. On the basis of present and past information, the 
value of z is picked to maximize expected profit in the next period. The size of the 
experiment is chosen to minimize the losses from imperfect information and frcm 
performing the experiment. 


C2d. Order and Homogeneity of Family-Specific Markov Chains for Coffee 
Brand Choice, Win.LiAM F. Massy, Graduate School of Business, Stanford 
University, Stanford, California. 

Most empirical work on Markov processes for brand choice has been based on 
aggregative data. This paper explores the validity of the crucial assumption that 
underlies such analyses: i.e., that all the families in the sample follow a Markov 
process with the same or similar transition probability matrices. This assumption 
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is required if the pooled sample transition counts are to be sufficient statistics for 
the process, and for the application of the Anderson and Goodman hypothesis tests 
on Markov chains. If all families do not follow the same probability law the ag- 
gregative process is not usually well defined, and the usual method for calculating 
“transition probabilities” will produce misleading results because of the phenome- 
non known as contagion. 

Results, based on seven years of coffee purchasing data for a subsample of families 
in the Chicago Tribune Consumer Panel are reported. A brand switching process 
based on the family’s first and second brands, with all other brands treated as a 
group, was defined for each member of the sample. Each family’s switching process 
was tested for stationarity over the seven years covered by the data, and a separate 
transition probability matrix was calculated for all those who met this criterion. 
Then the order of each of the family-specific matrices and their homogeneity among 
various subgroups of the sample were tested. It appears that there is a good deal 
of diversity among families’ switching processes, and that some of them are of zero 
rather than first order. 


C2e. New Dimensional Analysis of Brand Switching, ALFRED KUSEN, 
Carnegie Institute of Technology, Pittsburgh, Pennsylvania, and ALBERT C. 
Ronxorr, Lever Brothers Company, New York, New York. 

Studies of brand switching have generally focused upon the sequences of con- 
sumers’ purchases. For the most part, such factors as quantity purchased, time 
between buying occasions, the existence of “deals,” and the size, model, color or 
flavor of the item purchased are not recognized explicitly in the analysis. This 
paper attempts to demonstrate the importance of these variables in the brand choice 
process and outline some ways in which they might be incorporated into analyses of 
consumer behavior. 

Brand switching studies which side step the above attributes of individual pur- 
chases neglect some of the most important dimensions of consumer choice. A 
consumer’s interest in an ultimate choice of a specific brand is frequently influenced 
by such differentiating attributes. Consequently, it is not surprising that the 
measurement of the effects of these variables can be of great importance to market- 
ing management in formulating product policy and in the planning and implemen- 
tation of dealing activities and advertising strategy. 


C. 3. Contributed Papers on OR on Social Problems 
Location: PARLOR A 
Chairman: Harry ELLIS, Harbridge House, Boston, Massachusetts. 


C3a. Optimal Procedure for An N-State Testing and Learning Process, W. 
Kanutu and R. E. Dear, System Development Corporation, 2500 Colorado 
Avenue, Santa Monica, California, 90406. 

The multi-stage decision process considered arises in learning theory and involves 
the state, “conditioned” or “unconditioned,” of a system (learner) relative to each 
of nitems. The state is unobservable; observable is the response, correct or incor- 
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rect, to an item presentation. In each trial of an N trial process (experiment), -he 
decision-maker (experimenter) selects an item for presentation based upon past 
performance. A system conditioned to item i always responds correctly when pre- 
sented with i; if unconditoned, it responds correctly with probability y. Each trial 
includes corrective action permitting change of states; transition from unconditiored 
to conditioned state occurs with probability 0 during a trial (the conditioned stat» is 
permanent). Given initial probabilities i, À, * * * , An of being conditioned to the 
respective n items, the effectiveness of a strategy of item presentation in improvng 
conditioning is an expected loss depending upon the terminal conditioning proba- 
bilities. We prove the following is optimal: in any trial, present an item whose 
current conditioning probability is least. We also show this is an optimal strategy 
independent of 0 (0 may vary with the system in practice) when the initial A, are 
all zero. 


C3b. Heuristic Games for Secondary Schools, CLARK C. Ast, Abt Associa es, 
14 Concord Lane, Cambridge, Massachusetts. 

The situational variables and their dynamic relations in several typical social 
science problems encountered in pre-college formal eductaion are identified and 
compared to the similar characteristics of some formal games. A non-mathematizal 
theory of educational game design is formulated, including tradeoffs between realism 
and operability, player involvement and analytic depth, and substantive concen- 
tration and comprehensiveness. Four operational educational games are described: 
Empire, an economie game illustrating the mercantile conflicts of interest between 
England and the American Colonies in 1730-1770; Steam, a game illustrating the 
concatenation of economic pressures and technological advances leading to New- 
comen and Watt’s steam engines from 1700-1780; Manchester, a political-economic- 
technological game illustrating the development of the machine factory curing the 
early industrial revolution; and Grand Strategy, a military-political-economic game 
of contemporary global cold war conflict. The educational advantages and limiza- 
tions of such games are discussed, as well as future implementation of more sophisti- 
cated games integrating human player activity with computer operation of comp.ex 
data bases. 


C3c. A Model for the Design of Prepaid Dental Plans, Davin A. ScggApY and 
Burton V. Duan, Case Institute of Technology, Cleveland, Ohio, 44106. 

The purpose of this paper is to present a basic model to be used in optimizing the 
design of prepaid dental plans. A mathematical model is developed to relate the 
characteristics of the plan and of the eligible members to the amount of unsatis£ed 
need and the cost of operations. Those plan characteristics that can be control ed 
by the plan designer are the services to be offered and the financial and organiza- 
tional structures. The socio-economic characteristics and previous dental histcry e 
of the eligible members are considered to be beyond the control of the designer. 

The basic model parameters for each service considered for possible inclusion in 
the plan are the amount by which a person’s oral health is enhanced when the serv-ce 
is received, the percentage of eligible plan members that will require the service, and 
the average cost of the service. 
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The model further requires quantitative information on the effects of the plan 
characteristics on the percentage of plan members that will receive a particular serv- 
ice from the plan when they require it. A dynamic programming procedure is 
presented for solving the model in the most important case of selection of services to 
be provided. 


C3d. Operations Research and the Study of Public Policy Problems: A 
Specific Case, Erik A R. HALDANE, Department of Economic Affairs, Or- 
ganization of American States, Pan American Union, 1725 “I” Street, N.W., 
Room 1009, Washington, D C., 20006. 


In order to focus on methodological and operational problems connected with 
attempting to apply operations research conceptualizations and techniques to the 
determination of public policy, the author's effort to study air, water, and soil pollu- 
tion from & broad systems point of view will be examined. The exposition and 
assessment will include problems and solutions, makeshift or otherwise, with respect 
to the establishing of objectives, effects, and boundaries, as well as diffieulties with 
conceptualization relative to different levels of aggregation, and with fitting the 
existing data base to the conceptual handles. Computer uses and limitations in this 
context will be explored, and an effort will be made to outline the possible scope of 
cost-benefit analysis. 


C3e. Investment Decisions in Newly Developing Countries, Morris J. 
Sotomon, U.S. Bureau of the Census, Washington 25, D. C. 

The newly developing countries are characterized by pitifully small amounts of 
capital available for investment. Despite the critical importance of investment 
decisions, the framework for making and implementing such decisions has been poor, 
from the pomt of view of attaining rapid growth. The writer has synthesized the 
thinking of engineers, economists, and operations researchers into an operational 
framework that can be taught readily, and is appropriate for economies that place 
a high premium on economic growth. This framework has been taught to foreign 
graduate students in economics, government administrators in Turkey, project 
personnel in Venezuela, and planning personnel of the five Central American Repub- 
lies of the Central American Common Market. Experience to data indicates that 
such a framework can be taught readily, but that the chief hmiting factors in appli- 
cation are the rules of the game prescribed by political authorities, and the available 
mechanisms for implementation. "This suggests that if rapid progress is to be made, 
far more effective ways must be found for communicating with the political author- 
ities in question. 


C3f. Operations Research: Can it Implement, or Create, Social Values?, 
SAMUEL E. Grucx, Division of Business, Hofstra University, H ampstead, L. I., 

Neu York. 
There has been growing success in applying O.R. concepts and techniques to 
societal problems. Industrial allocation and distribution models transferred to the 
management of hospitals have matured into proposals for national health programs. 
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Current and long-range planning of (e.g.), water supply utilization have likewise 
evolved from more restricted applications. And, the path from-firm-to-indust-y- 
to-macroeconomy has contributed greatly to the survival potential of underdevel- 
oped nations. In each case, O.R. has functioned within an already established socio- 
philosophical framework: ie., health, welfare, conservation, Security and abun- 
dance, and concern for future generations are part of the ethos and the ethic of cur 
society. Given these values, we work to consummate them. But we also know that 
O.R. is used with equal effectiveness by societies opposed to our values. Further, 
the method of analysis (O.R. included) alters the researcher's interpretation o^ a 
problem. Does it change its actual configuration as well? This paper seeks to 
clarify these and other questions. What is a true ‘social problem’? How is it 
recognized? Are there "qualitative" as well as quantitative criteria? Does 
O.R.—should O.R.—Aattempt to create social values? 


C3g. Predicting Air Pollution Levels, Ronatp W. Worrr, Department of 
Industrial Engineering, University of California, Berkeley, California. 

A model for predicting the air pollution concentration and pollutant transport in a 
metropolitan area is presented. Using meterological and emission data as inptts, 
computer simulation is used to generate predicted (model) pollutant levels at 
various times and locations on pre-selected days. The model is evaluated by cam- 
paring predicted with measured levels at the same times and locations. 


C3h. Game Theory Applications to Service Site Selection, Wum L. 
Moos and NxwroN Dixorr, Social Security Administration, Department of 
Health, Education and Welfare, Washington, D. C. 

This effort deals with the problem of developing various criteria for selecting a 
number (ns) of service sites from a group of proposed ones (np) where Dp is greaser 
than ns. No consistently quantifiable criteria exist at the present time. Measu-es 
of effectiveness for each criterion include cost ($), distance (miles), system load ün 
defined units), population (by pertinent cohorts), and economie factors. The 
approach used here involves the establishment of criteria, development of measures 
of effectiveness, weighting the pertinent measures, and analyzing these weights via 
game theory techniques. The basic (and typical) problem in this approach is in 
the reduction of the game to a soluble form, utilizing methods of dominance end 
analyzing the effects of this by varying the assigned weights. An actual system. is 
described here, and the application of this approach is evaluated. 


C3i. A Model for the Prediction of Demand for Nursing Service, WAREEN 
H. Tuomas, Department of Industrial Engineering, State University of New 
York at Buffalo, Buffalo, New York. 

Because individual patients in a hospital vary considerably in their requiremeats 
for nursing service, the total demands for service imposed by all patients within a 
nursing unit fluctuate widely from day to day. A Markov model is developed 
whereby a patient’s near-future recovery status can be predicted from a knowledge 
of his current status. Since demand for service is a function of recovery status, is is 
therefore possible to determine a patient’s expected need for service. The tctal 
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expected demand for a nursing unit would be the aggregate of such anticipated 
demands from all patients within the unit. i 

Extensive study of coronary patients was made in which it was found that there 
are four well identifiable recovery states. By subdividing each of these states into 
three recovery phases and by the inclusion of an entry and an ezit state, it is possible 
to represent satisfactorily a coronary patient’s recovery process. 

The total length of stay and the state-to-state transition characteristics of the 
model correspond well to those of actual patients. 


C3j. The Library as an Inventory Problem, RirogAanp W. TRUESWELL, School 
of Engineering, University of Massachusetts, Amherst, Massachusetts. 

In recent years much interdisciplinary research activity has occurred in research 
on libraries. Several mechanizations and some automation programs have been 
started. Circulation control, periodical records, book storage, and book purchasing 
have had computer applications. In general a closer look is being taken at the 
library and its operations. 

This paper is directed at analysis of the ibrary’s holdings as an inventory problem. 
A considerable amount of data has been collected regarding use of books at the 
libraries of two nearby colleges. This data has been used to define use rates for the 
library’s holdings. From these rates an attempt has been made to describe an 
inventory policy as part of a larger semi-automated library system. 

This system would have the features of minimum holdings size for local libraries 
but permit almost immediate determination of system availability of non-core 
collection books. The core collection would be the holdings at the local library and 
by design satisfy 99% of current user requirements. 

Previous research indicates that the last circulation date for a book may offer an 
excellent parameter for describing circulation patterns and user requirements. The 
effect of the subsequent more extensive data on validity of the conclusions of the 
earlier research will be reported. 


C. 4. Contributed Papers on Programming Methods of Operations 
Research 


Location: BALLROOM WEST 


Chairman: Davip F. Voraw, JR, The MITRE Corporation, Bedford, 
Massachusetts. 


C4a. Modular Design, Generalized Inverses and Convex Programming, A. 
Cuarnes, Northwestern University, Evanston, Illinois, and M. Kirsy, Re- 
search Analysis Corporation. 

We show that the Modular design problem 


m n 
Minimize >> y: >> z, subject to z, z, 2 Ti 
y=1 del 


Ys, 2; 2 OF = 1, m. 2—Ll:5,n. 
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can be transformed into a problem of minimizing a separable convex function 
subject to linear equality constraints and non-negativities. This transformation is 
effected by using a generalized inverse of the constraint matrix. Moreover the 
nature of the functional and the constraints of the separable problem are such that 
8 good starting point for its solution can be obtained by solving a particular trans- 
portation problem. We discuss several possible methods for solving the separable 
problem and give the results of our computational experience with these methods. 
We also show that the Modular design problem can be viewed as a special case of a 
large class of general engineering design problems which have been discussed in the 
literature. 


C4b. Techniques for Solving Multiple Assignment Problems, Harvey 
Woursg, Department of Industrial Engineering, University of Pittsburgh, 
Pittsburgh, Pennsylvania. 

There exists a set of allocation problems such that each individual is permitted to 
perform an unlimited number of tasks provided that the total time required to per- 
form all tasks is less than a specified time period, usually a workday. This exten- 
sion of the simple assignment problem has applications in the allocation of nursing 
tasks to nursing personnel, the allocation of jobs to craftsmen in a job shop, and in 
many other areas where assignments are of limited duration. 

Initial formulation of a model to describe the multiple assignment problem 
assumes discrete time periods, no overtime and varying effectiveness on the part of 
the individuals in performing each task. The solution to this model is of practical 
value only if in integers; however, the magnitude of most real world problems far 
exceeds the capabilities of currently available integer programming algorithms. 
Nevertheless, problems of moderate size can be solved using Gomory’s integer 
programming techniques. 

An algorithm has been developed which yields the non-integer solution for any 
size problem very quickly. Using these non-integer results as a first feasible solu- 
tion to the integer problem, a heuristic algorithm can be considered that makes use 
of the properties of the model in attaining an improved, although not necessarily 
optimal, solution, This technique has been used to solve numerous problems 
exceeding 100 variables. In all cases the solutions effected in this way have been 
very near, if not at, the true optimum. For practical problems this heuristic ap- 
proach has proven quite adequate; however, considering the ease with which a good 
first feasible solution can be found, the possibility of a true optimum solution re- 
mains. 


C4c. A Resource Allocation Problem, Socrates Lrrstos, Booz, Allen Applied 
Research, Inc., 4816 Rugby Ave., Bethesda, Maryland. 

Several sequencing problems, which arise in the course of allocating one or more 
constrained resources to two or more tasks, are investigated. In all problems we 
are concerned with determining the optimal sequence of tasks and, the optimal 
scheduling of resource usage where the objective is to minimize the time by which 
all tasks are completed. The following assumptions apply to the first problem 
considered: (1) A single reusable resource (men, equipment, etc.) is available for 
allocation where R(t) defines the amount available at time t. (2) n tasks are to be 
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sequenced where each task is defined by a task completion time-resource required 
curve, i.e., the possibility exists of trading resources used for individual task com- 
pletion times. (3) No two tasks can be undertaken during an overlapping time 
period. This problem is solved by a combination of dynamic programming and 
combinatorial analysis techniques. 

In the second problem, the single resource is assumed to be of the nonreusable 
(fuel, food, etc.) variety and constraint (3) is no longer imposed. It is shown that 
this problem is a graphical “dual” to the first, and lends itself to being solved by an 
iterative application of the techniques used in the first problem. Multiple re- 
sources are considered in the final group of problems. The above “duality” no 
longer holds and the general techniques being used only apply to several special 
cases. Numerical results are provided for the single-resource problems which 
illustrate that the solution time grows as 2", where n is the number of tasks to be 
sequenced. 


C4d. Decomposition Analysis for Multiple Constraint Values and Objective 
Functions, Joan S. Bonner, Bonner and Moore Associates, Inc., Houston, 
Texas, Jonn P. Baste, and Harry GILDEA, Management Systems Corpora- 
tion, Cambridge, Massachusetts. 

This paper describes the application of decomposition techniques in the solution 
of a large linear programming problem to determine an optimum budget allocation. 

The matrix contained approximately 1400 decision variables and 1400 constraint 
equations. The structure of the matrix was such that it could be partitioned 
conveniently into 20 sub-problems with about 60 extremal equations, including 16 
objective functions. 

Eighty-eight cases with different combinations of objective function and right- 
hand-side vector were run on an IBM 7094. An existing decomposition code was 
modified to permit automatic sequencing through different objective functions and 
right-hand-side vectors by means of cards stacked in the on-line reader. 

Detailed information on the patch to solution is discussed in terms of the structure 
of the problem. Computation times are compared for various degrees of relaxation 
of the extremal constraints. Error checking and reinversion characteristics are 
discussed. 


C4e. A Defense System Budget Allocation Study, Harry GILDEA, JONN P. 
Basrug, and Corin W. ScamBonouen, Management Systems Corporation, 
Cambridge, Massachusetts 

This paper described an analytical cost effectiveness study performed recently for 
one of the military services. The central problem approached in this study is that 
of allocating program funds among alternative design and design improvement plans 
for a number of systems. 

Statistical measures of the military effectiveness of each configuration of each 
system were obtained by computer-aided analysis of actual and estimated per- 
formance data. Research and development, procurement and installation cost 
estimates were also obtained. 

Linear programming was employed to determine the best mix of plans to fund 
within budget, technological and schedule constraints. Because of the large size 
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of the problems relative to existing linear programming codes, it was necessary to 
employ decomposition techniques. A large number of cases were run to determine 
the sensitivity of the optimum solution to funding limitations and to alternative 
statistical measures of effectiveness. 


C4f. The Chinese Postman’s Problem, Jack Epmonps, National Bureau of 
Standards, Washington, D. C., 20234. 

The problem is to find in a given network a tour which traverses each edge at lesst 
once and which has minimum length. First treated by Kwan Mzt-Ko, “Graphic 
Programming using odd or even points”, translated in Chinese Math. 1 (1962), 
273-277, it arose “when the author was plotting a diagram for a mailman's route". 
Quoting D. R. Funxerson in Math. Reviews, v. 28, no. 6 (Dec. 1964), X 5828: 
“Suppose given a finite, connected graph in which each edge has associated with it 
a nonnegative number, its “length”. This paper considers the interesting problem 
of adding duplicate edges so that (1) the resulting graph is unicursal, and (2) the 
total length of duplicated edges is minimal. It is shown that a necessary aad 
sufficient condition for minimality is that the sum of the lengths of duplicated edges 
in each simple cycle be at most half the length of the cycle. The author describes 
how this minimality test can be used to construct a solution to the problem. Un- 
fortunately, the construction involves examining all simple cycles to see whether 
the minimality test is met or not, and this is easier said than done”. We present an 
algorithm which does not involve examining simple cycles. It is “good” in the 
sense that the amount of work in applying it is at worst moderately algebraic, 
relative to the size of the graph, rather than exponential. It combines two earlier 
known algorithms: (1) the well-known “shortest path” algorithm, (2) a recent 
algorithm for “maximum matching” (Edmonds, NBS Journal of Research, B, v. 
69, Jan-March 1965). Maximum matching is, given a graph with a real numerical 
weight on each edge, to select a set of edges with maximum total weight such that 
no two edges in the set meet the same node 


C4g. Primal-Dual Decomcosition Programming, EARL J. Bun, Department 
of Industrial Administration, The University of Connecticut, Storrs, Con- 
necticut. 

A primal-dual method for solving linear programs with a block-angular matrix 
structure is presented which employs the Decomposition Principle of Dantzig and 
Wolfe who first studied this structure. Preliminary results indicate that the pro- 
posed method is more efficient than the standard decomposition method which uses 
the two-phase simplex method to solve an equivalent “external program” with a 
reduced basis size whose coefficients are generated through the solution of linear 
subprograms. By contrast the proposed method employs a primal-dual method 
and the coefficients are generated through subprograms with non-linear objectives. 

These subprograms involve the maximization of a quotient of two linear functions 
subject to linear constraints in non-negative variables. Such problems are known 
as linear-fractional, rational objective, or hyperbolic programs and can be solved as 
a variant of standard linear programming. Under the conditions imposed by the 
primal-dual method, special parametric techniques can be employed to take 
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advantage of particular matrix structures, such as the transportation structure, 
exhibited by the subprograms. 


C4h. The NORMA: A Possible Basis for a Theory for the Traveling-Sales- 
man Problem, Norman P. Satz, Cornell Aeronautical Laboratory, Inc. 

We consider the symmetric traveling salesman problem in P, of the points 1, 
2, +++, n and call a possible connection between any pair of points a diagonal. The 
closed path solution called the minimum distance route (mdr) is comprised of sides. 

The norma is defined as a function that expresses the cost incurred, in added 
distance, by interrupting a diagonal through the insertion of a third point. 

It is shown that any route is a constant multiple of a sum of normas and the dif- 
ference between two routes represents a statement of order between normas. 

For a route to be mdr, certain first order conditions must hold. These order 
relationships between normas are deduced in general and shown to be both neces- 
sary and sufficient in Ps. 

It is shown that an ordering of normas with respect to all diagonals joined at a 
point partitions the set of all routes into two classes; one containing the mdr, and 
the other containing no candidate for the mdr. 

Elimination of a diagonal as a possible side of the mdr reduces the number of 
possible routes from (n—1)!/2 to (n —8)1/2; subsequent diagonal elimination pro- 
duces a somewhat lesser reduction, due to overlap. 

Many diagonal elimination theorems are presented, and necessary conditions for a 
diagonal to be a side of the mdr are developed. 


C. 5. Theory of Conflict 
Location: PARLOR B 


Chairman: PETER Coxe, Institute for Naval Studies, Cambridge, Massa- 
chuselts. 


C5a. The Distribution of the Time-Duration of Stochastic Duels, C. J. 
ANCKER, JR., and A. V. Gararran, System Development Corporation, Santa 
Monica, California. 

The Theory of Stochastic Duels is extended by considering the distribution of 
time-to-completion of the fundamental duel. The model has fixed kill probabilities 
and either random or fixed time between rounds fired. Time-limitation is included. 
Special cases and examples are worked out. Clearly, the time-duration of combat 
has both tactical and logistic implications for the decision-maker. 


C5b. On Developing Models of Conflict, Rocer L. Sisson, University of 
Pennsylvania, Philadelphia, Pennsylvania. 

Conflict ig a very complex process. Experimentation in conflict can be based on 

a wide variety of models ranging from the elementary prisoner’s dilemma to re- 

alistic games. Choice of the model is central to the research strategy. A taxonony 

of conflict models is presented based on: number of participants, extent and form of 

communication, complexity of the environment, and detail in representation of be- 
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havior (including goal structures). Conflict is defined as a situation in which more 
than one decision-maker is attempting to control a set of activities. This concept is 
made precise by a definition, due to Ackoff; the degree of conflict as seen by de- 
cision-maker, r; is 


DC, = >> > Pi E;, U; — >` >` P, Ê, U; 
+ j ` J 


where P, = probability r will choose course of action z, 

Ej; = probability outcome 7 will result if ¢ is chosen, with other decision 

makers attempting to control the activities, 

Ë,; = this probability, in the absence of other decision-makers, and 

U; = value of outcome j to r. 
A decision-maker is said to have control over a subset of the activities, if E;; ap- 
proaches Ê;;. Applied to a model, procedures for setting P; represent behavior; 
Ej; represents the environment and U, the goal structure. Communication can 
influence any of these factors. On-going efforts to study conflict are related to this 
classification of models. Results from research based on use of two levels of models 
are described. 


C5c. An Inductive Theory of Dynamic Combat, Sera Bonner, Systems 
Research Group, Department of Industrial Engineering, The Ohio State Uni- 
versity, 156 W. 19th Avenue, Columbus, Ohio. 48210. 

Since Lanchester’s early efforts to mathematically describe the dynamics of 
combat, military analysts have organized and extended the theory. . Analysts have 
also attempted to validate the existing theory—a posteriori—with data from 
historical and recent battles. Some extension and validation efforts are briefly 
discussed in the paper to point out that the existing theory is deficient in not in- 
cluding; (1) a means of inductively evaluating the attrition coefficients or kill rates 
of the weapons employed in the engagement, (2) the mobility characteristics of both 
forces, and (3) the fact that the kill rates are not constant when: either or both 
combatants use moving weapons. The paper is directed to removing these de- 
ficiencies. 

The rate at which a weapon can destroy targets—the kill rate—is considered 
dependent on; (1) the range between weapon and targets and (2) accuracy, firing 
time and lethality factors many of which are stochastic, i.e., the kill rate is a non- 
stationary random process. Using the theory of Markov chains, the kill rate 
probability distribution is derived. The effect of varying the weapon system’s 
acquisition, accuracy, firing time, and lethality characteristics on the distribution is 
demonstrated. 

The kill rate formulation is used as an input to a Lanchester-type model of 
dynamic combat. The model explicitly includes mobility characteristics of both 
forces and the variation in kill rates as the range between forces changes. A 
typical engagement is analyzed and the trade-off between mobility and firepower 
demonstrated. The use of both the kill rate and combat models for evaluation of 
proposed weapon systems is discussed. 
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Cid. Operational Problems in Static and Dynamic Calibration of a Newly 
Developed Scoring Device for Aerial Targets, Rocer W. Wiwsrow. 
Stanford Research Institute, P.O. Box 316, Fort Ord, California. 

The working principles of the acoustic miss distance indicator developed for the 
Army Aircraft Survivability Experiment (CDCEC 1963-1964) will be described. 
Curves showing the effect of range and angle of penetration on the energy level of 
super-sonie projectiles as recorded by the scoring system are given. Two systems 
will be discussed, one based on the time difference as a projectile passes a series of 
microphones, the second converting the bullet’s super-sonic shock wave into an 
electronic pulse amplitude. The merits and shortcomings of each system are 
included. The paper will include a discussion of the operational problems of 
calibration and data collection with the newly developed equipment. Also in- 
cluded is techniques for system reliability and validity testing. A fully automated 
computer data reduction system is used to produce the miss distance output. 


C5e. Field Experimentation in Operations Research, Frank J. HARRIS, 
Stanford Research Institute, Research Office, U. S. Army Combat Developments 
Command Experimentation Center, P.O. Box 316, Fort Ord, California. 

This paper describes the development and operation of a unique project based on 
field experimentation, but expanded over time into a more comprehensive operations 
research program. Critical to this development is the integration of sophisticated 
data collection devices and analytic (computer) tools. Emphasis will be placed on 
the sequential and integrative nature of experimentation components. With the 
advent of automatic position location systems and weapons effects devices, which 
will be described, the long hoped for two-sided field experiment with assessment and 
reduction of data in real time becomes within the state of the art. An experiment 
on Army aircraft survivability will be described by way of illustrating the foregoing 
points. 


C5f. Low Altitude Penetration Parametric Study, P. T. Cuan, C. W. WEST, 
and F. M. WxiNszRGER, Vought Aeronautics Division, Ling-Temco-Vought, 
Inc., Dallas, Texas. 

Defense capability has been greatly improved by recent advances in anti-air 
weaponry. In order to increase survival of tactical aircraft penetrating enemy 
territory, it is necessary to degrade effectiveness of the defense by forcing it to 
operate under unfavorable conditions. Low altitude penetration affords increased 
survival by using terrain masking, which reduces both early warning detection and 
available firing time, and induces additional errors in the defense weapon systems. 
On the other hand, low altitude flight involves risk of collision with terrain. This 
hazard is increased if high penetration speed or flight over rough terrain is required. 
In order for survival to be assured or maximized, penetration speeds and altitudes 
must fall within a region bounded by several constraints. ‘These constraints are 
imposed by “the mission requirements, crew tolerance to aircraft maneuvers in- 
troduced by the terrain-following (T-F) system, crew tolerance to atmospheric 
turbulence, terrain roughness, and defense environment through which the penetra- 
tion is to be made. It is the objective of subject study, performed under ONR 
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(Office of Naval Research) Project No. LTV-493-49, to examine these problem 
areas and to provide parametric reference data for determination of performance 
eriteria for future system developments. š 


C5g. A Model for Allocating Defense Resources, Perser D. Fox and Inaw J. 
Weinstein, Stanford Research Institue, Menlo Park, California. 

The problem considered is that of allocating resources to an antiballistic missle 
defense system so as to minimize the maximum damage that an enemy can achieve 
in targeting U. S. cities, given constraints on both the defense budget and the 
offense attack force. The problem can be viewed as a two-move sequential game 
in which the offense has the last move. 

The defense must determine which cities to defend, the level of the defense at 
each city, and the allocation of the budget for interceptors as well as for radars aad 
other fixed equipment. A computational procedure involving the use of Lagrange 
multipliers has recently been described by George E. Pugh (Opns. Res. 12, 543-537 
(1964)). His approach assumes that the individual targets or cities are independent 
except in so far as they compete for defense and offense resources. A variation 3n 
the Pugh formulation is presented that relaxes this assumption. In some cases, the 
new model is also better able than is the Pugh model to handle certain types of 
constraints that are political in nature. A cost-effectiveness framework for presext- 
ing results is described. 


C. 6. Meeting of the Transportation Science Section 
Location: BALLROOM EAST 


Chairman: RoBERT S. Foots, Port of New York Authority, New York, 
New York 10011. 


C6a. Statistical Study of Factors Influencing Safety at Highway-Rail Grade 
Crossings, Leon Waster, I.].T. Research Institute, Chicago, Illinois, and 
GxRALD M. Mages, Association of American Railroads. 

This paper presents some results of a study undertaken to determine factors 
influencing safety at highway-rail grade crossings. Data on crossings and ac- 
cidents were analyzed to determine correlations between crossing characteristics and 
accident rates on highway crossings of twelve railroads operating in the State of 
Ohio. In addition, risk factors were obtained by statistical methods for thase 
crossings. 

Statistical techniques were used to show that accident rates are independent of 
angle of intersection of railroad tracks and highway, but correlate with otaer 
crossing characteristics. In particular, type of protection, visibility from highway, 
highway grade, volume of rail traffic, speed of rail traffic, volume of vehicular 
traffic, and number of tracks and spurs have a significant effect on accident rate at a 
crossing. Prediction equations were derived to compute risk factors "for crossings 
protected by painted crossbucks, flashing lights or automatic gates. The relation- 
ships between expected risk factor and change in (1) highway traffic volume end 
rail traffic volume, (2) highway traffic volume and number of tracks and spurs, end 
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(3) highway traffic volume and speed of rail traffic, for given conditions of the re- 
maining crossing characteristics, will be shown on slides. 


Cób. Computer Simulation of Peak-Hour Passenger Movements on the 
PATH (Port Authority Trans-Hudson) System, James J. Brownz, The 
Port of New York Authority, New York, New York, 10011. 

In 1962, The Port of New York Authority, pursuant to legislative action in New 
York and New Jersey, assumed responsibility for operation and rehabilitation of the 
Hudson & Manhattan Railroad. For over seven years the private company which 
had operated the railroad was in bankruptcy reorganization proceedings. 

Soon after acquiring the Hudson & Manhattan Railroad, which it operates as 
PATH (Port Authority Trans-Hudson), the Port Authority set up a study team to 
develop means of measuring existing traffic patterns and service levels and pre- 
dicting the effects of changes in schedules and operations. Since there had been 
numerous suggestions from the traveling public and the operating staff, a method of 
evaluating the service improvements that each would achieve was needed. The 
result was an IBM 7070 program, developed by the study group, which. simulates 
passenger movements over & period of time. Once a schedule consisting of a set of 
terminal departure times and associated train lengths is provided (along with 
stored train running times, passenger arrival and boarding patterns), the program 
calculates for each station the train departure times, number of passenger arrivals 
and the number boarding while checking critical points for operational feasibility. 
The program, in effect, follows each train from station to station keeping track of 
the time and the number of passengers on board—all based on internally stored 
facts and data. 

Measures of service based on the simulation results were developed and used in 
evaluating many alternate schedules and operating techniques. The best of these 
have been implemented while changing conditions have developed a continuing use 
of the program. The simulation is quite flexible and is being used to investigate a 
variety of operating and planning possibilities. . 


Céc. A Time - Dependent Queueing Model and Application to Airport De- 
lays, K. G. Grossman and R. C. WHEELER, Airborne Instrument Labo- 
ratory, Deer Park, Long Island, New York 11729. 

A time-dependent, single-server, first-come first-served queueing model is 
developed for arbitrary input and arbitrary service. Inputs to the model consist of 
a time-dependent demand and a service-time distribution which also may be time- 
dependent. Outputs consists of the delay vector as a function of time, and the 
first two moments. Properties of the model are discussed, numerous curves are 
presented, and application is given to an airport-congestion problem. 


Cód. Fast Time Simulation of a High Performance Terminal Area Traffic 
Control System, R. W. Srupson, Assistant Professor, Massachusetts Insti- 
tute of Technology, Cambridge, Massachusetts. 

Results are available from a fast time simulation on the IBM 7094 of an advanced 
method of providing sequencing and spacing control for air traffic in the terminal 
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area using the ILS bad weather approach. The particular method used involvəs 
flying a landing control pattern defined by a VOR-DME placed at the outer marker 
of the ILS, and, with a minimum runway interval of 90 seconds, demonstrates a 
capacity of 32 landings per hour with runway availability for 20 takeoffs. Tae 
total operations rate is roughly double present performance and approaches the 
theoretical capacity limit defined by the ILS funnel operation (Blumstein). The 
results provide an example of the value of fast time, detailed simulation of a con- 
plete terminal air traffic system, and demonstrate the capability to reproduse 
exactly previous traffic situations in order to investigate the effects of changing a 
single traffic parameter such as wind, traffic mix, descent rates, ete. It also providəs 
an example of using the digital computer as a decision making control element, and 
gives some indication of its performance and the care and effort which must 5e 
taken to produce a working, safe, automatic controller. 


C6e. Optimum Control of an Unsaturated Artery, J. Jounson, IBM Data 
Processing Division, Yorktown Heights, New York. 

A progression system with minimum trip time is proposed for the Optimis 
Control of an Unsaturated Artery. Relations are developed to express trip time, 
progression flow, and constraint (on speeds, cycle lengths and bandwidths), as 
functions of the speeds on the artery in the two opposing directions. These reb- 
tions are discontinuous, so a combinatorial procedure is developed for generating ell 
possible through bands and the values of cycle length where discontinuities occur. 
The minimization problem is formulated as & non-linear program with non-linear 
constraints. Finally, suggestions are made for further refinements and extensiors, 
for example, to grid systems. i 


FRIDAY NOON, MAY 7, 1965 
(12:15-1:45) 
Luncheon 
Location: BALLROOM EAST 


Speaker: Kenneru E. BourprsNg, Professor of Economics, 
University of Michigan. 


Subject: The Ethical Implications of Rational Decision 


FRIDAY AFTERNOON, MAY 7, 1965 SESSION D 
(2:00-5:00) 
D. 1. Practical Theories of Inventory Control 


Location: GEoRnG1AN Room 


Chairman: Jerome D. HxnmwrrER, Arthur D. Litile, Inc., Cambridge, 
Massachusetis. 
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Dla. Aggregate Inventory Management, RosERT G. Brown, Arthur D. 
Little, Inc., Cambridge, Massachusetts. 

An inventory control system is a formal procedure for vost disbursement, 
receipt, and adjustment transactions, and for issuing replenishment orders on the 
source of supply. The decisions when and how much to order are guided by 
numbers, such as an order point and an operating level. An inventory management 
system accepts information about the environment, such as costs, forecasts, lead 
times, and management policy, and occasionally revises the control numbers. The 
forecast is a time-dependent probability distribution that may be computed from 
past data, or modified or replaced by a subjective prior distribution. 

The functional form of the equations used in the management system for revising 
the control numbers (e.g., order point and operating level) represents a particular 
strategy that governs the relative allocation of stock investment, customer service, 
and reordering workload among the items in the inventory. The strategy cor- 
responds to a curved surface describing the expected investment as a function of 
workload and service. The surfaces for the aggregate effects over an entire inven- 
tory sometimes exhibit troughs or local minima that have important consequences 
in recommending the best strategy for a given inventory. Policy variables (such as 
service objectives and carrying charges) are parameters that define a particular 
operating point on the aggregate surface. Top management can select a rational 
poliey that can be put into practice through a clear understanding of the implica- 
tions of these aggregate effects of strategy and policy on total investment, total 
customer service, and total reordering workload. 


Dib. Product Line Evolution in the Retail Store, GzonaE R. Murray, JR., 
Operations Research Center, Massachusetts Institute of Technology, Cambridge, 
Massachusetts. 

Traditional formulations of the inventory problem model the inventory system of 

a production source or of a distribution point connecting the production source to 

the retail outlet. Such models are normally inappropriate for a retail store. A 

more realistic representation of the retail inventory problem treats demand as a 

function of the on hand inventory, recognizing that the display size and the com- 

petition from substitutable items are important factors in determining the sales of a 

particular item. Also the retail inventory is usually constrained to have a physical 

volume compatible with the store size. As a result of these differences in the models 
the retail inventory problem is qualitatively different from the better known whole- 
sale inventory problem. The important decisions to be made are: which vendors to 
represent; what product line to carry; and how much space to allocate to each item. 
The decision of when to place a replenishment order to a vendor can be made with 
the aid of a variety of mechanisms, but the average retail store can justify eco- 
nomically only the very simplest of such methods. Consequently the reordering 
aspect of the retail inventory problem is of secondary interest. This paper ex- 
amines the major decisions listed above in terms of the knowledge of the market 
available to the retailer from actual sales experience. An experimental program is 
considered whose purpose is to improve the understanding of the market and to 
continually evolve a more profitable selection of products and allocation of space. 


Friday Afternoon B-&1 


Dic. Applied Inventory Models, T. M. Witty, Wesleyan University, Middls- 
town, Connecticut. 

Applications of inventory theory during the last 15 years have been, for the most 
part, only the simplest types of inventory models, typically the economic lot sise 
model. In several applications of this model, aspects have been ignored which are 
important from both theoretical and practical points of view. Examples will ke 
given. 

Only recently have studies been possible relating more complicated inventory 
formulations to simpler models. These studies have been made possible by tLe 
construction of more adequate models and the availability of high-speed electron c 
computers. Comments on cost comparisons of models of varying degrees of 
complexity will be made. 

Finally a diseussion of the possibilities of incorporating economie price theory 
aspects into applied inventory models will be given. 


D1d. An Empirical Study of Exactly and Approximately Optimal Inventory 
Policies, Harvey M. WAGNER, Stanford University. 

The (s, S) inventory model (infinite horizon with stationary parameters) is ez- 
plored with a view toward determining the dependency of the optimal policy on the 
model’s parameters and toward evaluating the effectiveness of several numerical 
approximation methods for obtaining nearly optimal policies. The mode of attack 
is empirical: We compare the results for 828 cases, which encompass several valuss 
for each of the economic parameters, three delivery lags, and three distinct demard 
probability distributions with varying parameter values. We demonstrate for 
these cases that close to optimal results can be obtained by applying the Fibonacci 
search procedure, by using a particular asymptotic approximation, as well as by 
substituting a certain policy not of the (s, S) form. 


D. 2. Experimentation In Operations Research, (A Panel) 
Location: StaNBRO HALL 


Chawman: Huau J. Miser, The MITRE Corporation, Bedford, Mas- 
sachuselis. 


D2a. Observation and Experimentation in Operations Research. 
Panelists: Enwanp H. Bowman, Massachusetts Institute of Technology, 
RoszRrS Foote, The Port of New York Authority, and 
Gzonax R. Lixpszr, Defence Research Board of Canada. 

This session takes its point of departure from the belief that operations researzh 
is an experimental science, and, therefore, that observation and experimentation 
play a fundamental role in its development. However, there is much current 
concern among many OR workers that these aspects of our science are not receiving 
enough attention to assure it a balanced growth. As a step toward drawing atten- 
tion to the need for redressing the balance, this session will bring together in a parel 
discussion a group of operations research workers, each of whom has had extensive 
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experience in observation and experimentation in his chosen field of OR. Such mat- 
ters as these are candidates for discussion at this session: methods of obtaining and 
recording data from actual operations, recording devices used by OR workers, plan- 
ning experiments and trials, planning the analysis of OR data, the feasibility of obser- 
vation of and experiments with large-scale operating systems, the training of OR 
workers for roles in observation and experimentation, the role of “clinical work" in 
the education of operations research workers, the problems of military and in- 
dustrial classification as barriers to publishing experimental and observational 
findings in OR, the role of observational and experimental results in formulating OR 
models and theories, and so on. In order to single out the issues of greatest mutual 
concern and concentrate on them, the session will have three parts: In the first part, 
after an opening statement by the chairman, each panelist will make a brief state- 
ment; in the second part, the panelists will comment on these statements; and, in 
the third part, the audience will be asked to join the discussion. 


D. 3. Contributed Papers on Transportation and Distribution 
Location: PARLOR A 


Chairman: Parer B. Witson, Canadian National Railways, Montreal, 
Quebec, Canada. 


D3a. Most Profitable Routing Before Maintenance, CHRIsSToPH WITZGALL and 
A. J. GOLDMAN, National Bureau of Standards, Washington, D. C., 20284. 

An algorithm based on dynamic programming ideas is given for the following 
problem. A vehicle yields profit p(z, j) whenever it goes from City 4 to City j, and ~ 
requires £(2, 7) hours to do so. Before travelling more than T hours, it must receive 
maintenance of a kind available at only some of the cities. How should the vehicle 
be routed, from a given starting point, so as to maximize total profit before main- 
tenance? The method extends to the case of several types of maintenance, avail- 
able respectively at several different subsets of the cities. 


D3b. An Airport Capacity Handbook: Results of a Federal Aviation 
Research Program in Mathematical Models and Techniques for 
Determining Airport Capacity, Oscar SHAPIRO, Federal Aviation Agency, 
Research Division, Atlantic City, New Jersey. 

A Research Program instituted by the Federal Aviation Agency has resulted in 
the development of a handbook with general applicability for determining airport 
arrival-departure capacity and delays. It is intended for use by airport planners 
and designers who are not operations research analysts. This Airport Capacity 
Handbook has been published by the Agency as well as the Government Printing 
Office so as to have the widest possible availability. It is the purpose of this paper 
to summarize the background material relevant to the handbook and describe the 
mathematical models and techniques utilized. The criteria for capacity are ex- 
pressed as a function of acceptable delay and aircraft population. The input 
variables employed are runway figuration, runway use, aircraft population and 
operating rules (VFR or IFR). The airport surveys that were analyzed to provide 
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the input values and to test the results are also described as well as the solutions 
obtained, using an IBM 7090, of the mathematical equations derived from the 
application of queueing theory. Finally, the results, in the form of aircraft delays 
as a function of the pertinent variables, are illustrated. 


D3e. A Study of Car-Pool Systems in Railroad Transportation, B. Avr- 
ITZHAK, BENJAMIN A. Benn, and Bruce A. PowELL, Case Institute of Tech- 
nology, Cleveland 6, Ohio. 

A rather common type of service supplied by railroad companies is the so-called 
car-pool service where a pool of specially equipped cars is assigned for the sole use 
of one shipper or a small group of shippers. In this paper 8 probabilistic approach 
is used to develop models describing the behavior of a large variety of such systerzs. 
Cost equations relating pool size, round-trip times and quality of service are can- 
structed and studied. A method of estimating required sizes of new pools is svg- 
gested. The results are used to study some actual car-pool systems and a case 
study is presented. 


D3d. An Operational Solution of a Large Scale Delivery Problem, Rar» 
BozkEMEIER, Continental Copper & Steel Industries, Inc., 100 Hast 42nd 
Street, New York, New York. 10017. 

Frequently the analyst is faced with a problem so complex that rigorous solutions 
are feasible only with a serious departure from realism, and by the omission of 
fertile solution alternatives which become available under actual operating can- 
ditions. A product delivery problem involving several thousand destinations aad 
uncertainty of outcome is an example of this situation. An operational solution to 
this problem is described in which analytical results lead to simple route labeling 
procedures and data displays. These displays convert the computational impasse 
into problems of visual pattern recognition which can be quickly resolved. Criteria 
are established for monitoring actual operating results for solution validity usmg 
methods of statistical control. These criteria indicate when a particular solution 
should be re-examined, and where problem re-entry should occur. 


D3e. Aerospace Systems Approach Applied to Regional Transportation 
Planning, Joun E. Trnuey, and Smney Moeiewer, Douglas Aircraft 
Company, Inc., 8856 Lakewood Blvd., Long Beach, California. 

Transportation planning in the past has lacked the means of effectively evaluating 
the total interrelated integrated transportation system. This paper will illustrcte 
the appropriateness of adopting procedures common to the military aerospace field 
for transportation planning. These procedures are aimed at eliminating the above 
deficiency in present transportation planning. 

A significant feature of the military requirements and weapons procurement 
process has been the establishment of a formal evaluation methodology that det=r- 
mines alternatives and consequences for the decision-maker. This evaluation 
methodology could be utilized in transportation planning. Further, this evaluation 
methodology embedded in a total systems approach can provide the necessary 
perspective for meaningful evaluation of today’s complex transportation problems. 
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The techniques of operations research then could provide the structure for such an 
evaluation. 

A description of the resulting approach as applied to transportation planning is 
presented with an identification of significant areas for further development. It is 
shown that an aerospace systems approach combined with operations research 
techniques offers a promising procedure to reduce the transportation problem to 
manageable dimensions. 


D3f. Optimal Route Assignment for Metropolitan Road Traffic, ALAN 
Hersuporrer, Department of Civil Engineering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 

A trend in metropolitan transportation planning has been the utilization cf com- 
puter programs to assign transfer volumes to roads, based on calculation of se- 
quences of minimum time paths. Such programs optimize neither system per- 
formance nor improvement effectiveness; they remain tools for simulating the 
effects of ad hoc network changes. Little attention has been given to formulating 
the assignment problem as a multicommodity flow linear program. The solution 
determines multicommodity feasibility and places a lower bound on time costs 
calculated by “traditional” assignment programs. We extend the model to deter- 
mine the optimum allocation of existing lane capacity, in particular the arrangement 
of one-way streets. A mixed-integer program is solved by the branch-and-bound 
algorithm on the IBM 7094; time-sharing permits immediate evaluation of any 
configuration. Branch-and-bound is applied to the synthesis problem (similar to 
the fixed-charge warehousing problem) of determining the minimum addition which 
improves the system cost by a specified amount. Imbedding the algorithm within 
a dynamic program determines optimal scheduling of improvements. The de- 
composition algorithm is applied and specialized: submatrices generate programs 
solvable by the out-of-kilter algorithm; the repetitive and sparse matrix permits 
greater computer storage economies. 


D3g. A Study of a Motor Bus Undertaking, J. G. Crookes, British European 
Airways, London Airport, England, K. B. Hany, The University, Edgbaston, 
Birmingham 15, England, and P. J. PENarLLY, Proctor & Gamble Limited, 
Newcastle Upon Tyne 8, England. 

Past performance was used to predict the future of the undertaking. A prediction 
model for income was constructed and tested. The model was used to predict the 
future of the enterprise and types of managerial policies were examined. A par- 
ticular policy was shown to be preferable. Before making the organisational 
changes required, a productivity measure was applied to the system to ensure that 
the change in responsibilities envisaged would cause no harm. The results of the 
project were sold to the management committee and have been fully implemented. 


D3b. Necessary and Sufficient Conditions for a Solution to the Multifacility 
Production-Transportation Problem with Non-linear Production 
Costs, J. FRANK SHARP and H. R. PRASAD, Industrial Engineering Depart- 
ment, Rutgers—T he State University, New Brunswick, New Jersey. 
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A production-transportation model is formulated for a firm with several plarts 
supplying several markets. The production costs at each plant are non-linear 
while the transportation costs between each plant-market pair are assumed to be 
linear. The objective is to minimize the sum of production and costs while meeting 
given market demands. Necessary and sufficient conditions for an optimal solution 
are obtained and interpreted. 


D3i. A Computer Program for Automatic Planning of Logistic Airlifts, 
Hans J. BERLINER, Washington Systems Center, I.B.M., Bethesda, Maryland. 
In connection with studies of future Air Force Command & Control requirements 
a computer program has been developed which accomplishes the planning of logistic 
airlifts with no human intervention. Before the start of the program, the planner 
selects certain mandatory and optional inputs from among arrays of alternatives. 
These then provide goals and constraints to the computer program. Taking 
cognizance of these initial conditions, the program then successively calculates the 
logistic requirements, locates sources for these requirements, configures transport 
aircraft loads of supplies, generates aircraft routes, and schedules the whole opera- 
tion. These program sections accomplish such tasks as selecting the most efficient 
aircraft from a list of those available, locating enroute refueling bases for aircrait, 
and detecting and avoiding overflight of previously specified territories. The logic 
of the whole planning sequence, including decision points for advancing to the next 
state or looping back to a previous state, is included in the program. The initial 
conditions given by the planner, together with a data base which furnishes informa- 
tion on air bases, material stockpiles, aircraft characteristics, etc., determine what 
choices the program makes at decision points and thus the final form of the output. 
The whole program will be running during March 1965 and results of computer ruas 
will be presented. 


D. 4. Contributed Papers on Quantitative Bases for Investment 
Decisions 


Location: BALLROOM WEST 
Chairman: GERSHON Cooper, Dunlap & Associates, Darien, Connecticut. 


D4a. Risk Measurement in Capital Investment Decision-Making, Norman 
N. Barsu and Seymour Karan, Department of Industrial Engineering and 
Operations Research, New York University, New York, New York, 10458. 

Attempts have been made in recent years to introduce concepts involving risk and 
uncertainty into capital investment decision-making models. The measure of risk 
for individual projects is usually taken to be the variance of the project payoff, under 
the assumption that the payoff for each project is a random variable whose proba- 
bility distribution can be obtained in some manner, frequently from an estimate of 
the probability distributions of the annual cash flows of the projects. ° These cash 
flow distributions need not be, and in many cases are not, symmetric or even uni- 
model and the variance will then sometimes be a poor decision-making measure Jor 
the risks involved in the undertaking. Examples of such situations are given. Al- 
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ternative measures of risk for some of these situations are presented and discussed. 
The problem of estimating the general shape of the distribution of payoffs is also 
examined. 


D4b. Expected Value of Options, Warrants, and Convertible Securities, 
Aran W. HARBAUGE, Dunlap & Associates, Inc., 1454 Cloverfield Boulevard, 
Santa Monica, California, 90404. 

In this paper a mathematical relation is obtained for the expected value of an 
option to purchase or sell common stock, based on the lognormal distribution of 
stock price movements. Results show good agreement with empirical data on put 
and call options, including results of the SEC option study. The analysis is ex- 
tended to warrants, convertible preferred stocks, and convertible bonds. The 
relations are readily adapted to machine computation and printout for use by se- 
curities analysts. 


D4c. Stochastic Decision Trees for the Analysis of Investment Decisions, 
Ricwarp F. Huspos, McKinsey & Company, Ince., 270 Park Ave., New York, 
New York, and PAUL A. STRASSMANN, National Dairy Products Corporation, 
260 Madison Avenue, New York, New York. 

This paper describes an improved method for investment decision making. The 
method, which is descriptively called the stochastic decision tree method, is par- 
ticularly applicable to investments that are characterized by high uncertainty, and 
which require a sequence of related decisions to be made over a period of time. The 
stochastic decision tree method builds upon concepts used in the risk analysis 
method and the decision tree method of analyzing investments. It permits the use 
of subjective probability estimates or empirieal frequency distributions for some or 
all factors affecting the decision. This application makes it practicable to evaluate 
all or nearly all feasible combinations of decisions in the decision tree, taking account 
of both expected value of return and aversion to risk, thus arriving at an optimal or 
near optimal set of decisions. Sensitivity analysis of the model can highlight factors 
which are critical because of high leverage on the measure of performance, or high 
uncertainty, or both. The method can be applied relatively easily to a wide variety 
of investment situations, and is ideally suited for computer simulation. 


D4d. Developing Objective Criteria for the Design of More Nearly Optimal 
Investment Decisions in Pension Fund and College Endowment In- 
vestment Management, Hans H. Jenny, Office of Institutional Research, 
The College of Wooster, Wooster, Ohio. 

The paper summarizes two chapters of a forthcoming study on optimum portfolio 
selection. It develops several objective criteria which will serve as minimum quan- 
titative targets in the guiding of investment decisions. In each case appropriate 
functions to be maximized will be set forth. The paper furthermore makes use of 
certain simulation techniques—some of which are in use today in pension fund and 
college endowment management—to show differences in performance. It will be 
possible to show, for instance, that the application of specific optimization tech- 
niques yields consistently superior performances than the less formal traditional 


Friday Afternoon B-37 
methods. Several case histories will be summarized to show just how performamce 
can be improved. It is expected that a, more widespread application of the methcd- 
ology and simulation techniques described in the paper may contribute significantly 
to enhanced performance in pension fund and college and university endowment 
investment management. 


D4e. The Developing of Investment Strategies Through Application of 
Econometric Processes, J. JEFFERSON Parks, Parks-Ross Company, 18794 
Beach Blvd., Westminster, California. 

The ability to formulate schedule, financial and technical performance parameters 
for investment potential, and further describe causal relationship between these 
factors, allows the entrepreneur to evaluate, with precision, risk /return-on-invest- 
ment ratios. Assignment of quantitative value ranges to the above parameters 
establishes a scientific environment for making trade-off decisions and pre-testing 
their impact upon investment objectives. Essentially, this process affords the 
decision maker a series of alternative selections to choose from when structuring 3is 
investment strategies. 


D4f. Investment Planning Simulation, Z. SzATROWSKI, Service Bureau Corpo- 
ration, 685 Madison Avenue, New York, New York, 10022. 

This simulation considers investment activity as the allocation and utilization of 
resources among various alternatives, where the objective is to realize maximam 
future net value. The analysis, and IBM 7094 computer program, is designed to 
designed to generate the results of a given investment plan or method in a given 
(past or hypothetical) investment environment. In addition, the analysis yie:ds 
various kinds of information about various possible results in a given investment 
environment. For example, it is possible to determine the best results (potentiel), 
the 2nd best, median, ete. results. Also it is possible to generate (through succes- 
sive Monte Carlo simulations) the probability distribution of results where invest- 
ment decisions are done by chance. The Monte Carlo simulation results enable ~he 
planner to determine the probability of realizing any specified investment result end 
the resulting probabilities provide a basis for evaluating investment plans, chanzes 
in plans, etc. The design of the simulation is similar to that of a laboratory experi- 
ment where an attempt is made to reproduce the significant aspects of the real world 
situation but not all of the details. The simulation has general application in in- 
vestment planning. Particular applications would be portfolio analysis, allocat.on 
of research expenditures, planning capital improvements, etc. 


D4g. Dominant Decision Rule for Multistage Allocation Processes Under 
Risk, Marx ALFANDARY-ALEXANDER, Operations Analysis Division, Atomic 
Energy Commission. 

A decision-maker is in an environment where resources have to be commitsed 
subject to random outcomes. The amounts allocated can vary continuously or 
discretely within given bounds. These bounds remain constant for all the stazes 
in the process. 

A strategy is given which dominates known decision rules for this class of prob- 
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lems. This strategy uses a feedback concept to continually readjust allocations at 
each stage. 

If the constraint of bound invariance is relaxed and the allocation upper bound is 
allowed to vary randomly, then a more complicated strategy seems necessary. 

A motivation for the above study has been the r- &-d budgeting process. 


D.5. Contributed Papers on Selected Topics in Operations 
Research 


Location: Partor B 
Chairman: Ricuarp Mzvzns, Harbridge House, Boston, Massachusetts. 


Dia. Forecasting by Intrinsic Versus Extrinsic Models, Y. Kuratant and Y. 
S. CHIDAMBARAM, Case Institute of Technology, Cleveland 6, Ohio. 

When a forecaster decides to use regression method to forecast future values of a 
variable of his interest, he is often confronted with the problem of choice between 
what may be termed an “intrinsic” forecasting model and an “extrinsic” forecasting 
model. The former is the model which uses only information of the past values of 
the variable to be predicted whereas the latter is the one which uses a function of 
external variables as the predictor. Essentially, smoothing techniques which are 
now quite popular among management scientists belong to the former category and 
enconometric forecasting method which are being widely used by economists belong 
to the latter category. In this study the authors report on their efforts in develop- 
ing general principles which provide a useful guide to a sensible choice between the 
two competing approaches. 

Simple illustrative models will be presented. 


D5b. The Lockheed Multiprocessor Simulation System, JogN N. MAGUIRE, 
Lockheed Missiles and Space Company, Sunnyvale, California. 

The Lockheed Multiprocessor Simulation System (LOMUSS) provides a capa- 
bility to solve complex systems analysis problems through simulation. LOMUSS 
was developed as a result of the need for a predictive, experimental model of a gen- 
eralized data processing system and is a 7,500 SIMSCRIPT instruction program 
which operates on an IBM 7090 or 7094 computer. The range of application areas 
to which LOMUSS has been applied extends from Data Processing to Manufactur- 
ing systems. ‘The purpose of this paper is to describe the problems in the simulation 
approach and how LOMUSS assists in their solution. The structure of LOMUSS is 
presented along with the process of applying LOMUSS where the user constructs a 
model and conducts experiments solely through data cards. The information on the 
data, cards represents, (1) the resources of a model in terms of men and machines to 
the level of detail required and, (2) the demand in terms of jobs requiring various 
amounts of avork and combinations of machines in many different sequences. De- 
tailed information is retained during the simulation for the compilation of multi- 
level summarizations, snapshots, job performance, and periodic reports for user 
analysis. The significant capabilities of LOMUSS in comparison to job-shop simu- 
lators are presented along with examples of LOMUSS use in areas such as: Compu- 
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tation Center Management, Hospital Systems Design, Manufacturing Planning and 
Control, and Traffic Flow Analysis. 


Dic. Military Personnel System Simulation, GzonaE O. Wricut, 1000 6th 
Street, S.W., Apt. 206, Washington 24, D. C. 

This paper will describe a personnel system simulator designed and operated far 
the officials of the Deputy Chief of Staff /Personnel, Department of the Air Force. 
Details will be given of the design concepts, experience in operating the simulator, 
and some examples of the typical problems handled. 

The discussion of the design concepts will include the core-fagade principle in 
which the simulator program contains a semi-invariant core of general routines and 
a facade of specialized sub-routines. Under this design concept the simulator has 
a flexibility for handling a variety of problems by changing the sub-routines rather 
than the entire program. Included also will be the concept of human-in-the-loo». 
The simulator is designed so that input variables have to be furnished by managers. 
In addition, halts are inserted so that the manager can examine the interim solutiozs 
and choose the conditions for the next phases of interation. This interation between 
man and machine is continued until a satisfactory solution to the management 
problem is obtained. 

The paper will discuss also some examples of problems run on the simulator dezl- 
ing with proposed promotion policy changes. Some attention will be given also to a 
current development to incorporate on-line remote computing into the simulatcr. 
Under this plan the manager interacts on-line with the simulation program via a 
display console and a tele-typewriter. 


D5d. Operations Research—or Systems Engineering—Analysis of the Rela- 
tive Satellite Reconnaissance Effectiveness for Pre-launch Program- 
ming versus In-flight Operations Programming, PETER J. JOHNSON, 
Dept 59-16, Lockheed Missiles and Space Company, Sunnyvale, California. 

This study was undertaken to develop an engineering basis for the evaluation of 
the relative satellite reconnaissance system effectiveness of a system employing 

(only) pre-launch operation programming versus that of an otherwise equivalent 

system with capacity for in-flight operation programming. From the concept of 

the problem, differences in system effectiveness would arise in a situation where sct- 
ellite reconnaissance of any or all of a specified target array is desired. Analysis 5f 

the geographic location of the targets, their dimensions and weighted order of im- 

portance, considered with the satellite system orbit capability variables, define an 

optimum “nominal” operational orbit (period, inclination, etc.). The first system 
alternative is constrained by the requirement fore pre-launch programming of the 
time-sequence of in-orbit operations to optimize system effectiveness for the pre- 
scribed orbit and probability distribution functions of actual operational char- 
acteristics. The second system would employ the additional capability of re- 
ceiving a full program for operation after having been injected into orbit, the 
program optimized for accurately known orbit characteristics, subject to periodic 
revision by proper command communication from ground stations. The results of 
this study indicate that the coverage effectiveness of the system with in-flight-pro- 
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gramming capability—for a specified target array—would be significantly greater 
than that for the pre-launch-programmed operation. The difference is dependent 
heavily upon the expected variance of the satellite system operational period error. 


D5e. Entropy Maximization and Statistical Rescaling of Spacecraft Simu- 
lation Models, Emm M. Mna», 5816 Ocean Blvd., Long Beach, California, 
90808, and Dunnis M. GALVIN, 1184 Darby Street, Orange, California. 

Basically two methods are used to solve probabilistic problems: (1) analytic 
(closed form solutions) and (2) sampling (simulation) techniques. Quite often a 
complex mathematical model, for example of a manned spacecraft, is structured 
such that a pure analytic approach cannot be pursued due to the inability to write 
and solve the closed form equations while a pure sampling technique requires an 
uneconomical amount of computer time in which to achieve a solution at a reason- 
able level of confidence. This paper treats such a problem by combining analytic 
and simulation techniques so as to tailor the computational procedure with the most 
efficient method of solution; namely, those aspects of the problem which are amena- 
able to analytic methods are solved in closed form and those aspects which lend 
themselves to sampling techniques are solved using simulation. 

The efficiency of machine computation is increased by statistically rescaling the 
simulation process in accordance with the closed form results and maximizing the 
“bit rate" of the processed data through the computational channel.” 

The theoretical basis for this methodology is given by the concept of entropy in 
Information Theory and is analogous to accelerated (hyperenvironmental) testing 
so as to accumulate statistically significant numbers of incidents during compara- 
tively short test times. 


D5f. A Mission Cost Model for Ferret Satellites, H. C. Szprine, Missile and 
Space Division, General Electric Company, Philadelphia 1, Pennsylvania. 

An analytical model to evaluate ferret satellite systems is explicated. It may also 
be used to yield inputs for specific system definition. In addition to the general 
stochastic nature of radar signal detection, analyses are applied to the cases of un- 
known emitter bandwidths and to the detection of known frequencies. The condi- 
tions of emitter operation and overflight are included. ‘The signal detection proba- 
bility is an input to a cost effectiveness methodology which also considers major 
parameters such as orbital altitude, payload weight, reliabilities, launching require- 
ments and costs, weights and costs of satellites and ancillary equipment, and total 
mission cost to achieve objectives with predetermined confidence. Logic is drawn 
from the model to support the conclusion that, ignoring safety factors, the niminum 
orbital altitude related to the desired lifetime is preferred. Numerical examples are 
presented; however the purpose of the paper is to document the analytical method. 
There is no application to specific systems that might be postulated. 


D5g. On the Use of CEP in the Contractual Specifications of Weapons Sys- 
tems: A Suggested Alternative, MELVIN Brown, Hughes Aircraft Com- 
pany, Culver City, California. 

A rule of thumb method is derived for reducing a sample of statistically inde- 
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pendent data, obtained from an unbiased, circular normal distribution, so as to yielc 
an unbiased, minimum variance estimate of the standard deviation of the parent 
distribution. It is suggested, as a corollary and application of this study, that con- 
tractual specifications for missile systems which refer to CEP be modified in future 
contracts in such a manner that these CEP specifications be replaced by correspond- 
ing specifications with respect to the 80th percentile radius. The effect of such & 
replacement is to increase the precision with which miss distances are estimatec 
when the missile systems are flight tested. 


D5h. Systems Engineering and Operations Research—An Inquiry inte 
Methodology, Roszrr L. Porter, Clark, Cooper, Field & Wohl, Ine., 122 
High Ridge Road, Stamford, Connecticut. 

Systems engineering and operations research both have the same basic purpose, 
i.e., to aid in the solution of practical decision problems that occur in developing anc 
operating complex man-machine systems. A rational approach to resolving de- 
cision problems calls for the development of new knowledge to reduce the uncer- 
tainty in the decision situation. Since new knowledge is developed by employing 
the scientific method, it follows that systems engineering and operations research 
have the same underlying methodology, namely, the application of the seientifi« 
method to the solution of practical problems in government and industry. This 
conclusion is accepted only after resolving differences between systems engineering 
and operations research regarding personnel, the types of problem attacked, ths 
concern with equipment design, ete. Some implications of the conclusion are thas 
these activities should not be limited to quantifiable problems involving maximiza- 
tion of some criterion function, and that operations research should not exclude 
equipment design. In applying the scientific method to the solution of practical 
decision problems, one finds that no detailed techniques can be spelled out. Rathe= 
the basic methodology is described in terms of problem definition, choosing objec- 
tives, systems synthesis and analysis, and selecting alternatives. 


D5i. An Application of Hand-played Gaming Techniques to Sub-system 
Effectiveness Evaluation, FRANK IcuniowsKr and EDWARD MASLANSKY, 
Social Security Administration, Department of Health, Education, and Welfare, 
Washington, D. C. 

One of the problems of analyzing a sub-system (ex situ) is the dificulty in assess- 
ing the consequences of changes in the subsystem as they affect the total system. 
A method is here discussed in terms of which the load on the sub-system is partiallz 
controllable by one player, and the ability of the sub-system to handle the load is 
partially controllable by the other player. The system is artificially reduced to 3 
two-sided game. The control is affected both by built-in constraints and by various 
random factors affecting the system. Player “A” (controlling the input) attempts 
to saturate player “B” (controlling the service); the effect is to require player “B ’ 
to tailor the service capability to the strategies of player “A”, both in the light cf 
the stochastic elements defining the character of the system and in the light of tha 

. perversity inherent in the best strategies of player “A”. Game solutions ars 
developed, and may or may not be unique; game complexity is a variable, and may 
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be altered as a preset. A specific application of this method is described and evalu- 
ated. 


D5j. Productivity and Quality Cost Approach to Analyzing Operator Effec- 
tiveness, J. R. Wourz, S. SoovAxiaN, and W. EicggonN, I.B.M., Kingston, 
New York. 

This paper describes the results of a research activity in the field of work effective- 
ness. The goal of this activity was to develop an operator measurement system 
based on the quality of the product produced by the manufacturing operator as well 
as the time factor involved in producing the product. These two factors are tied 
together through a common denominator—cost. 


D. 6. Operations Research in the Insurance Industry, (A Panel). 
Location: BALLROOM EAST 


Chairman: Gorpon SHELLARD, New York Life Insurance Company, New 
York, New York. 


D6a. Operations Research in Insurance. 

The purpose of this session is to examine the status of operations research in the 
insurance industry, to review development of the present status, and to explore and 
evaluate potential future development. The nature, orgamzation, and special 
technical aspects of an insurance business will be explained as the domain within 
which studies must be made. Some examples of the application of recognized opera- 
tions research methods and techniques within the industry will be described. From 
these the panel will try to outline problem areas and approaches which appear to 
offer the greatest opportunity for further application of operations research in this 
field. Audience participation in discussion is invited and expected. 


Panelists 


Davin H. Harris, Equitable Life Assurance Society of the U. S. 

Leroy J. Simon, Actuary Insurance Co. of North America 

Jonn M. BOERMEESTER, John Hancock Mutual Life Insurance Company 
Natuan F. Jones, Prudential Insurance Company 

JAMES T. Byrne, Metropolitan Life Insurance Company. 

BERNARD SHORR, Travelers Insurance Company 

TIBOR FABIAN, Mathematica 


Society Affairs 


THE ORSA COUNCIL MEETING 


The Twenty-Sixth Meeting of the Council of the Operations Research Society o: 
America convened at 8:45 p.m. on 6 October 1964 in the President Washington 
Room of the Hotel Leamington Minneapolis, Minnesota, with George E. Kimball, 
President, presiding and continued at 2:10 p.m. on 7 October in the Milwaukee 
Room. The following items are reported from the Minutes of that Meeting. 

FUTURE MEETINGS. The Spring 1965 Meeting will be held in Boston, 
Massachusetts, on May 6-7 with David M. Boodman as Chairman. 

The Fall 1965 Meeting will be held in Houston, Texas on November 4-5, 1966, 
chaired by James A. Birdwell. 

The Spring 1966 Meeting will be held in Los Angeles, California on May 18-20. 
1966, chaired by John E. Walsh. 

ORSA MEMBERSHIP. As of August 31, 1965 the ORSA membership totaled 
4330. Of this number, 1537 were Members, 2391 were Associate Members, and 
402 were Student Associate Members. 

ORSA BROCHURE. It was decided that the brochure be updated and re- 
printed. 

SECTIONS. It was decided that all Sections (both technical and geographic: 
would be required to submit an annual report at the Annual Meeting of the Council. 
The following prospective sections of ORSA are now under consideration: 


Geographic: Detroit Moline, Illinois 

Ft. Lee, Virginia Houston, Texas 

Denver Dallas-Fort Worth, Texas 
Technical: Cost Effectiveness 


It was agreed that applications for status as Sections of ORSA must contain re- 
quest for recognition, statement of aims, list of members and officers, and proposed 
constitution. 

It was agreed that the Council approve the organization of the Cost Effectiveness 
Section, subject to the receipt by the Secretary of the formal application accom- 
panied by a list of members and a reasonable constitution. 

LANCHESTER PRIZE. The Lanchester prize was awarded to P. C. Gilmore 
and R. E. Gomory, A LINEAR PROGRAMMING APPROACH TO THE CUT- 
TING STOCK PROBLEM—PART II, OPERATIONS RESEARCH, November- 
December 1963, pp 863-888, and Honorable Mention was given to papers by D. L. 
Iglehart and P. Wolfe. 

NOMINATIONS. The following slate has been announced by the Nominatinz 
Committee (biographies and ballots are being mailed to the Membership sepe- 
rately): 

President-elect George Shortley 
Vice President John F. Magee 
John E. Walsh 


B-93 


B-94 Society Affairs 


Secretary Joseph H. Engel 

Treasurer George J. Feeney 
Thomas E. Oberbeck 

Council Members (2) Newton A. Ablahat 
Ralph E. Gomory 
William 8. Jewell 
Herbert, K. Weiss 

AAAS. The Council was provided with a written report of joint TIMS-ORSA 
Sessions on Managing the Innovative Process scheduled in conjunction with the 
AAAS Annual Meeting in Montreal, 30 December 1964. Papers from the session 
may be published in SCIENCE. It was agreed that ORSA would attempt to 
sponsor a joint session with TIMS at the AAAS Annual Meeting in December 1965, 
with Ellis Johnson again representing ORSA, and Burton Dean again representing 
TIMS. 

NATIONAL SCIENCE FOUNDATION. Dr. John R. Lehman of the NSF 
was an “observer” at the TIMS-ORSA Meeting. 

PRESIDENT'S ADVISORY STAFF ON SCIENTIFIC INFORMATION 
MANAGEMENT. It was the sense of the Council that the Society supports with 
enthusiasm Joint Resolution 202, to provide for the establishment of an agency in 
the Executive Office of the President to be known as the President/s Advisory Staff 
on Scientific Information Management. (Note: The President will write the Com- 
mittee offering assistance of ORSA In connection with hearings, eto.) 

Mr. Locke described the development of the idea and the current state of plans 
for the establishment of a Cost Effectiveness Section and submitted a proposed 
constitution and a statement of goals of the prospective Section. 

NEW MEMBERS. The Membership Committee reported its nominees for 
full Membership in the Society. A list of new Members elected is shown below: 


Elected Members at 26th National Meeting 


ARQUETTE, LESTER K. 
BANACK, JEROME J. 
BELL, LLOYD FRANKLIN 
Brser, ERWIN 

BLAKE, ARCHIE 
BORKMAN, KARL Joun 
BOWDEN, GEORGE EDWIN 
Breswick, WILLIAM N. 
Brown, EpwaAnp A. 
Burns, Loren VIRGIL 
CALDWELL, THOMAS EDWARD 
CAMERON, DONALD A. 
CAVADIAS GEORGE B. 
CLAITOR, L. CARROLL 
CLELLAND, RICHARD C. 
COHAN, LAWRENCE S. 
CRAWFORD, LYNDON 


Cryer, C. RICHARD 
CULBERSON, ORAN L. 
Davis, Epwarp W. 

Day, RALPH Lewis 

DIETZ, STEPHEN KARL 

Dix, Davin D. 

EBERHARD, ROBERT A. 
ECKSTEIN, MICHAEL EUSBY 
EDELSHON, CHARLES ROBERT 
Extor, THEODORE HERMAN 
ERIKSON, WARREN JOHN 
FAUCETT, WILLIAM MUNROE 
FLANAGAN, ROBERT J. 

Fox, Josers M. 

FREUND, DAVID 

FuLLER, ALAN C. 

Garp, Orin P. 


GERSHON, GORDON MILTON 
GLEIBERMAN, LEON 

GRAY, PAUL 

Harr, DoNALD Lewis 
HAMBERG, WILLIAM À. 
HAYWARD, PHILIP 
Hemann, RaymMonp G. 
Hunt, Arca WILLIAM 
Isaacs, Herpert H. ` 
ISERT, IRWIN L. 

Karz, IRVING 

KELLEHER, GRACE JAYNE 
Krviat, PHILIP 

KUMPEL, RICHARD ROBERT 
Krause, Lrov» I. 
KWEREL, SEYMOUR MATTHEW 
Martin, Francis F. 
MERCER, ALAN 

Metzger, Ropert WILLIAM 
MILLIMAN, Pierce D. 
Minis, HARLAN Duncan 
Nanus, Burt 

PanTRIDGE, WrILLTAM R. 
PoKemener, STANLEY J. 
PounNELLE, J. E. 

Powzn, Currrow S., Jn. 
Powers, Bruce F. 
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Roserts, DONALD MERLE 
RHEE, Sui Youne 

Rowerty, WiLLIAM F. 
Rorsavs, ALBERT HENRY 
SALZ, Norman P. 

SANJOUR, WILLIAM 

SAWICKI, ALFRED THOMAS 
SCHECHTER, EDWIN 
ScHEMMER, BENJAMIN FRANKLIN 
SHERRARD, EMIL S. 

Savone, Rex H. 

SIEGEL, WILLIAM 

SLATTERY, THEODORE B. 
SOBELMAN, SIDNEY 

Stinson, P. J. 

Srrum, Lovis WILLARD, JR. 
STRUVE, Donat L. 
SULLIVAN, RICHARD JOSEPH 
TAYLOR, JAMES CHARLES 
THOMPSON, ROBERT JOHN 
WAHBA, GRACE GOLDSMITH 
WHEELER, RICHARD CARRINGTON 
WoopaLL, Hunter M., JR. 
Youna, LAWRENCE FRANKLIN 
Yovrrs, MARSHALL C. 
YupowriTCH, KENNETH L. 


TREASURER'S REPORT 


Santa Moniea, California 
March 2, 1965 


Following is a statement of Cash Receipts and Disbursements of ORSA for the 
calendar year 1964. The report of the auditors accompanies this statement. A 
breakdown into two columns is used, with International Abstracts in Operations 


Research receiving special consideration. 


The method of statement is on ax 


explicit cash basis with major obligations listed by note. 


Jom E. WALSH 
Treasurer 


AUDITORS REPORT 


Baltimore, Maryland 
January 29, 1965 


The Operations Research Society of America, 


. Baltimore, Maryland 


We have examined the statement of cash receipts and disbursements of The 
Operations Research Society of American for thesyear ended December 31, 196+. 
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Our examination was made in accordance with generally accepted auditing stand- 
ards, and accordingly included such tests of the accounting records and such other 
auditing procedures as we considered necessary in the circumstances. 

In our opinion, the accompanying statement presents fairly the cash receipts and 
disbursements of The Operations Research Society of America for the year ended 
December 81, 1964. 

LYBRAND, Ross Bros. & MONTGOMERY 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
For the year ended December 31, 1964 
































International 
Regular Abstracls in OR 

Receipts: 

Members’ dues ... .. ... wee ee .. $29 471 $7 424 

Subscriptions . .. ... ................... . 25 384 17 422 

Advertising, less commissions..... ..... ...  .... 14 386 

Sales of back issues ..... . sees 4 842 988 

Royalties. cg 04: ayer RS e EARS eis 3 501 

Interest oa oe saus eat pas uS : sis hg 2 646 

Meetings, net............... eee cee ee ee 1 816 

Miscellaneous . . .. .................... cso 7 116 

81 662 25 834 

Disbursements, as annexed.. ... . . ... . .. .. 72 214 28 993 

Excess of receipts over disbursements . ............ 9 448 (8 159) 
Cash at beginning of year...  .. ....... hy TR 72 022 19 363 
Cash at end of year...... . .. .... ee wees eee —$81 470 $16 204 
Represented by: 

Petty cash funds.... ...... ................ see $575 $275 

Demand deposits . ..... ......... ... B 5 895 15 929 

Deposits with federal savings and loan assoolations.. . 75 000 




















Portions of the cash balance are reserved as follows: 
Unearned subscriptions: 
Volume 18 (OR) to be issued in 1965. ....... .. $15 000 
Volume 4 (#8 to 5) and Volume 5 (IAOR) to be 
issued in 1965 . .. . ... .......... $9 400 
Guarantee to publisher of the siga 8 series “Pub- 
lications in Operations Research” ............... 6 000 
Unpaid reimbursement vouchers and bills........... 500 








$21 000 $9 900 
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DISBURSEMENTS 
For the year ended December 31, 1964 
Regular 
Journal printing costs ... ... ... cee cere eee eee $30 207 
Editorial and other expenses... ... . ............. 9 169 
Salaries and fees.......... . 3 
Managerial services —... ...... eee eee eee ee eee 17 787 
Bulletin printing.... — . . ... ...... eee eee 3 133 
Publications in OR . Worth gece ariel Re, ibs 196 
Printing and binding directory.. epit 4 063 
Travelexpense. ............ Lh ouem epp 
Council and officers! expenses mii ot). ss aot th S Mae Tie 732 
General Society expenses. Suis ke ott x. usi 2 504 
Lanchester Prize. : 1 000 
IFORS Dues iud 851 
Supplies, materials, ete... . 
Auditing: ‘of nix sega Shans MORENO RET Rh Sx 300 
Committee expenses (Note) 2 008 
NSF Refund . ...  .... .. 622526 
Maillish ...  . .. .... e 0 4 237 
Miscellaneous . yy usse ce sss te lee 27 
Total disbursements . .. ... $72 214 
Note: Details of council and officers’ expenses and 
committee expenses are: 
Council and officers’ expenses: 
President: «ue an aaa ER eR EHE $334 
Vice President . . . . ...................... 32 
Secretary: Lu os ae | ged a stone quede 366 
$732 
Committee expenses: = 
Membership ..... . ... sss cae eee ee ne nee $150 
Prie.. nios 35 
Sections . .  ..  .... . ...... 305 
Nominating . . ... ee 2... 138 
Programi- . ilo ¿asas e Ry Ae RO rus 1 380 
$2 008 


COST-EFFECTIVENESS SECTION OF ORSA 
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International 
Abstracts in OR 


$19 921 
1 207 
3 288 
1 500 


338 


2 003 


781 


(40) 





$28 993 








On October 7, 1964, the Council of the Operations Research Society approved th2 
organization of a nationwide Cost-Effectiveness Section within ORSA, subject to 
receipt, by the Secretary of ORSA, of a formal application accompanied by a lis 
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of members and a reasonable constitution. These having been received, the Section 
is considered established. 

The Section will be organized along the lines of the Transportation Science 
Section. The Council of the Section will be composed of the Section Chairman, 
Vice-Chairman, Secretary, and Treasurer, the two past Chairmen most recently 
retired from office, and three elected Councilmen. 

All members of ORSA may qualify for membership in the Cost-Effectiveness 
Section by signifying their intent to join to the officers of the Section. Since the 
Section is nationwide, there will be no dues. 

The Object of the Section, as identified in the By-Laws of the Section, is as follows: 

“The object of the Cost-Effectiveness Section shall be to develop a universally- 
acceptable set of norms and terminology for cost-effectiveness and to promote the 
development of new concepts, procedures, techniques, and algorithms for applica- 
tion to systems costing, systems effectiveness, and the scientific treatment of inter- 
actions between cost and effectiveness considerations. In pursuing this object, the 
Cost-Effectiveness Section will promote understanding and dissemination of infor- 
mation about cost-effectiveness, and will strive to enhance the knowledge of Section 
members about cost-effectiveness." 

The By-Laws have been approved by the fifty-one charter members and an ad hoc 
nominating committee is in the process of preparing a candidate slate of officers. 
Elections will be held in the Spring of 1965 Pending the election of officers, 
membership inquiries may be sent to: Mr. Jonn W. Locxg, Booz, Allen Applied 
Research Inc., 4815 Rugby Avenue, Bethesda, Maryland 20014. 


APPLICATIONS ISSUE OF OPERATIONS RESEARCH 


The Publications Committee of ORSA has invited the Washington Operations 
Research Council (WORC) to edit an issue of Operations Research, to be devoted 
exclusively to applications and case histories. Although the history of Lanchester 
Prize papers is heavily oriented to applications, the general literature gives a stronger 
methodological orientation; this issue is an experiment in determining whether there 
is a good supply of such papers, and whether there is a real demand for them. 

WORC has accepted the invitation, and has named W. Epwarp CUSHEN as 
Guest Editor for the issue. He will work with a WORC Editorial Board, and a group 
of Associate Editors. Papers will be reviewed in accordance with standards es- 
tablished for Operations Research, with the exception that ingenuity and success of 
applications will dominate criteria related to methodology. The WORC Editorial 
Board for this issue consists of ALFRED BLUMSTEIN, WORC's President, as Chairman, 
Ep Cussen, Murray Greyson, Boyp Lapp, and Winston RILEY nr. 

We now look to the operations research community to demonstrate that sufficient 
good applications exist to justify such an outlet. We solicit applications papers to 
be published in this special issue, to be received by 31 July 1965. Manuscripts 
should be,submitted to: Dr. W. Epwarp CusuzN, Institute for Applied Tech- 
nology, National Bureau of Standards, Washington, D C. 20234 


SOCIETY AUTHORS 


At the request of Roprrt E. Macnor, Chairman, ORSA Publications Committee 
(made by letter enclosure in the last issue of the Bulletin), ORSA authors were 
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asked to submit for publication a bibliography of books which they had written 
The book list available at press time is given below, arranged by senior author. 

The reader will note two interesting features of this list. First, the range of 
topics covered by ORSA Authors, including edited volumes and chapters in edited 
books, is impressive. Second, the list is clearly not complete: many well-known works 
have not been included. The compilation was made from replies received by th2 
Editor to the request made, and no attempt has been made to duplicate existing 
bibliographic materials. Authors who did not respond have not been included in 
the list below. 

Additional listings received by August 1, 1965, will appear in the Fall, 196£, 
Bulletin. Mail listings to Van Court Harz, JR., ORSA Bulletin, 420 Lexington Ave, 
New York, New York 10017. Please use format shown below. Author addresses ma,’ 
be found in the current ORSA Directory. 


ABRAMSON, ADOLPH, The Product Structures of Large Corporations, TNEL Monc- 
graph #27, U. S. Government, 1941. 

ABRAMSON, ADOLPH, Business Forecasting in Practice—Principles & Cases, Joha 
Wiley & Sons, New York, 1956. 

Acxorr, R. L., Measurement of Consumer Interest, (Ed. with C. W. CHURCHMAN 
and Murray Wax), Univ. of Penna. Press, Phila., Pa., 1947, 214 pp. 

Acxorr, R. L., Methods of Inquiry, (with C. W. Caurcuman), Educational Puk- 
lishers, St. Louis, 1950, 558 pp. 

Acxorr, R. L., The Design of Social Research, Univ. of Chicago Press, Chicago, 
1953, 420 pp. 

Acxorr, R. L., Introduction to Operations Research, (Ed. and authored with C. V. 
CHURCHMAN and E. L. ÁnNorr), John Wiley and Sons, New York, 1957, 645 pp. 

Acxorr, R. L., Progress in Operations Research, Vol. I, (Ed.), John Wiley and Sons, 
New York, 1961, 505 pp. 
Ackorr, R. L., Scientific Method: Optimizing Applied Research Decisions, (with 
S. K. Gurra and J. S. Minas), John Wiley and Sons, New York, 1962, 464 pp. 
Acxorr, R. L., A Manager's Guide to Operations Research (with Patrick Rivers), 
John Wiley and Sons, New York, 1964, 107 pp. 

Ackorr, R. L., Fundamentals of Operations Research (with Maurice SASIEN ), 
John Wiley and Sons, New York, (in press). 

ALFANDARY-ALEXANDER, Marx, An Inquiry Into Some Models of Inventory Systems, 
University of Pittsburgh Press, Pittsburgh, 1962, 108 pp. 

ANKENBRANDT, F. L. (Ed) et al., Maintainability Design, Engineering Publishecs, 
1963, 247 pp. 

Asu, Dr. Miuron, Nuclear Reactor Kinetics, McGraw-Hill, Inc., New York, 1965, 
425 pp. 

Bansa, N. N., Systems Analysis for Effective Administration, Funk and Wagnals, 
1951, 316 pp. ; 

Bariss, N. N., co-author, J. M. Juran, Case Studies in Industrial Managemeat, 
McGraw-Hill Book Co., 1955, pp. 250. 

Banisg, N. N., Engineering Enrollment in the United States, New York Universtiy 
Press, 1957, 226 pp. 
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Banisu, N. N., Economic Analysis for Engineering and Managerial Decision-Making, 
McGraw-Hill Book Co., 1962, 729 pp. 

Barıs, N. N. with co-editor Mroggn VxnHurLsT, Management Sciences in the 
Emerging Countries: New Tools for Economic Development, Pergamon Press, 1965, 
261 pp. 

Bartow, Ricuarp E. and FRANK Proscuan, Mathematical Theory of Reliability, 
John Wiley and Sons, Inc., 1965, 256 pp. 

BEER, STAFFORD, Cybernetics and Management, English Universities Press (London), 
1959; John Wiley (New York) 1960, 214 pp. 

BERKELEY, Epmunp C., Giant Brains or Machines that Think, John Wiley and Sons, 
New York, 1949, 277 pp. 

Berke ey, EpMUND C., Symbolic Logic and Intelligent Machines, Reinhold, New 
York, 1959, 203 pp. 

BERKELEY, Epmunp C., Brainiace—201 Small Electric Brain Machines and How 
to Make Them, Berkeley Enterprises, Newtonville, Mass., 1959, 256 pp. 

BERKELEY, EDMUND C., Probability and Statistics—An Introduction Through Experi- 
ments, Science Materials Center, New York, 1961, 140 pp. 

BERKELEY, Epmunp C., The Computer Revolution, Doubleday, New York, 1962, 
249 pp. 

BERKELEY, Epmunp C., Teaching Machines, Programmed Learning and Automatic 
Teaching Computers; An Introduction Through Experiments, Berkeley Enterprises, 
Inc., Newtonville 60, Mass., 1964, 208 pp. 

BERKELEY, Epmunp C., and Danter G. Boprow, (Co-Editors) and 14 authors, 
The Programming Language LISP, Information International, Inc., Cambridge, 
Mass., 1964, 392 pp. 

BERKELEY, Epmunp C., and Linpa L. Loverr, Glossary of Terms in Computers and 
Data Processing, Berkeley Enterprises, Inc., Newtonville 60, Mass., 1960, 96 pp. 

BERKELEY, Epmunp C., and L. Warnwricat, Computers—Their Operation and 
Applications, Reinhold, New York, 1956, 366 pp. 

Carr, CuanLzs R. and Cuartes W. Howe, Quantitative Decision Procedures in 
Management and Economics, McGraw-Hill, New York (1964) 416 pp. 

Cuacxo, Grorcs K., Basic Statistics Instructor’s Manual, in press, 240 pp. 

Cuacxo, Gzonaz K., Basic Statistics, 1965, 429 pp. 

Cuacxo, GgonaE K., International Trade Aspects of Indian Burlap—An Econo- 
metric Study, Bookman Associates, New York, 1961, 226 pp. 

CHAPIN, NEIL, An Introduction to Automatic Computers, Van Nostrand, 1963, 503 pp. 

Cuapin, Nuri, Programming Computers for Business Applications, McGraw-Hill, 
Inc., 1961, 279 pp. 

CHARNBS, A., W. W. Cooper and A. HENDERSON, An Introduction to Linear Pro- 
gramming, John Wiley & Sons, Inc., 1953, 74 pp. 

Cuanrnes, A. and W. W. Cooprr, Management Models & Industrial Applications of 
Linear Programming, John Wiley, Inc., 1960, 2 Vols. 859 pp. 

CLEVELAND, Donan E. (Ed.), Manual of Trafic Engineering Studies, Institute of 
Traffic Engineers, 1964, 170 pp. 

Conen, KALMAN J., Computer Models of the Shoe, Leather, Hide Sequence, Prentice- . 
Hall, Inc., 1960, 156 pp. 
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Conen, Karman J. and Franco Monpiautant, The Role of Anticipations and Plans 
in Economic Behavior and Their Use in Economic Analysis and Forecasting, 
University of Illinois Bureau of Economic and Business Research, 1961, 166 pp. 

Conen, Karman J., et al., Administrator’s Manual for the Carnegie Tech Manage- 
ment Game, Richard D. Irwin, Inc., in press. 

ConzN, Karman J., et al., The Carnegie Tech Management Game: An Experiment in 
Business Education, Richard D. Irwin, Inc., in press. 

Comen, Karman J., et al., Player’s Manual for the Carnegie Tech Management 
Game, Richard D. Irwin, Inc., in press. 

Conen, Kaman J. and Ricuarp M. Cygnr, Theory of the Firm: Resource Allocation 
in a Market Economy, Prentice-Hall, Inc., in press. 

Coorsr, W. W., H. J. LzAviTT and M. Suunty, New Perspectives in Organization 
Research, John Wiley, Inc., 1964, 606 pp. 

Davies, Rosert, Cavitation in Real Liquids, Elsevier Publishing Co., Hollanc, 
1964, 186 pp. 

DEITCHMAN, SEYMOUR J., Limited War and American Defense Policy, The M.I.T. 
Press, Cambridge, Mass., 1964, 288 pp. 

Don», Stuart C., International Group Mental Tests, Princeton University Press, 
1926, 134 pp. 

Dopp, Stuart C., A Post War Bibliography ot the Near East Mandates, (Ed.) Am. 
University Social Science Series, No. 1, 1933, 1650 pp. 

Don», Stuart C., Dimensions of Society, Macmillan, 1942, 944 pp. 

Dopp, Sruarr C., Surveys of Public Opinion Held in Sicily, Psychological Warfaze 
Branch of Allied Forces Headquarters, 1944, 150 pp. 

Dopp, Sruarr C., Systematic Social Science, American University of Beirut, Social 
Science Series, No. 16, University of Washington Bookstore, Seattle, 1947, 788 pp. 

Dopp, Sruarr C., A Pioneer Radio Poll in Lebanon, Syria and Palestine, Govern- 
ment Press, Jerusalem, 1943, 103 pp. 

Dopp, Stuart C., Social Relations in the Near East, American University of Beirus, 
3rd Edition, 1946, 904 pp., Arabic Edition, 1947, 389 pp. 

Dopp, Stuart C., Probable Acts of Men, (2 Vols.) State University of Iowa, 1963, 
700 pp. 

Erus, Davin and Fren J. Lupwiq, Systems Philosophy, Prentice-Hall, Ine., 1962, 
387 pp. 

Enric, Norsert Lrovp, Quality Control, The Industrial Press, New York, 1962, 
224 pp. 

Enricx, Norsert LroYp, Cases in Management Statistics, Holt, Rinehart & Wia- 
ston, Inc., New York, 1963, 175 pp. 

Ennicx, Norsrrt Lrovp, Sales and Production Management Manual, John Wiley - 
& Sons, Ltd., New York, 1964, 212 pp. 

Exnicx, Norsert Lroryp, Management Control Manual, Rayon Publ. Corp., New 
York, 1964, 353 pp. 

Enricx, Norsert Luoyp, Management Operations Research, Holt, Rinehart & 
Winston, Inc., New York, 1965, 352 pp. 

. FABRYOKY, W. J., and H. G. Trursen, Engineering Economy, Prentice-Hall, Inc., 

1964, 525 pp. 
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FaABRYOKY, W. J. and P. E. ToRGERSEN, Operations Economy, Prentice-Hall, Ine., 
500 pp. 

Fasrycry, W. J., Linear Programming and its Applications, Handbook of Industrial 
Engineering and Management, Revised Edition, Prentice-Hall, Inc., 1965, 25 pp. 

Gass, SAUL, Linear Programming, McGraw-Hill, Inc., 1964, 280 pp. 

GOLDMAN, A. S. and T. B. Suarrary, Maintainability—A Major Element of System 
Effectiveness, John Wiley, 1964, 300 pp. 

Gotpman, A. S. and T. B. Starrery with contributions by S. Firstman and J. 
Rigney, Maintainability: A Major Element of System Effectiveness, John Wiley & 
Sons, Inc., 1964, 282 pp. 

Grayson, JR., C. Jackson, Decisions Under Uncertainty: Drilling Decisions by Oil 
and Gas Operators, Harvard Business School, Division of Research, 1960, 402 pp. 

Grupss, FRANK E., Statistical Measures of Accuracy for Riflemen and Missile 
Engineers, Edwards Brothers, Ine., 2500 S. State St., Ann Arbor, Michigan 
48104, 1965, 36 pp. 

Haren, FRANK A., Mathematical Theories of Traffic Flow, Academic Press, 1968, 
242 pp. 

Hann, AgnrHUR D., A Methodology for Systems Engineering, Von Nostrand Co., 
1962, 478 pp. 

Hammer, FREDERICK, The Demand for Physical Capital: Application of a Wealth 
Model, Prentice-Hall, Inc., 1964, 117 pp. 

HANSSMANN, Fren, Operations Research in Production and Inventory Control, John 
Wiley & Sons, Ltd., 1962, 254 pp. 

Harman, Harry H., Modern Factor Analysis, University of Chicago Press, 1960, 
469 pp. 

Harrer, H. Leon, New Tables of the Incomplete Gamma-Function Ratio and of 
Percentage Points of the Chi-Square and Beta Distributions, U. S. Government 
Printing Office, Washington, 1964, 245 pp. 

Hrrcg, C. J., and R. N. McKean, The Economics of Defense in the Nuclear Age, 
Harvard University Press, 1960, 422 pp. 

Hooxz, RosznT, Introduction to Scientific Inference, Holden-Day, San Francisco, 
1963. 

Hooxz, Rozert, R. Fox and M. GARBUNY, The Science of Science, Walker and 
Co., N. Y., 1964. 

Hooxz, Rosert and D. H. SHAFFER, Math and Aftermath, Walker and Co., N. Y., 
1965. 

Hurcuinson, G. K., The Design and Simulation of a Management Information and 
Control System, Stanford University Thesis, 1964, 200 pp. 

Isaacs, Rurus, Differential Games, John Wiley & Sons, Inc., 1965, 416 pp. 

JOHNSEN, ERIK, Introduktion til operationsanalyse, Host og Son, Kobenhavn, 
Danmark, 1st ed., 1962, 2nd ed., 1964, 195 pp. 

Joxscu, H. C., Lineares Programmieren, J. C. B. Mohr, Germany, 1964, 202 pp. 

KARUSH, WILLIAM, Crescent Dictionary of Mathematics, The Macmillan Co., New 
York, 1962, 313 pp. 
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KAUFMANN, A., R. Faure and M. D. Papin, Atdememoire de Mathematiques 
nouvelles (2 vols.), 1963, 200 pp. 

KAUFMANN, A., R. Faure, and A. Lg Ganrr, Les Jeux d'entreprises, Presses Uni- 
versitaires de France, 1960, 128 pp. 

KAUFMANN, A., & G. DESBAZELLE, La Methode du Chemin Critique (Systeme 
PERT), 1964, 169 pp. 

KAUFMANN, A., and R. Faurn, Invitation a la Rechereche Operationnelle, 1964, 294 
pp. 

KAUFMANN, A., and R. Cruon, La programmation dynamique, 1964, 274 pp. 

KAUFMANN, A., and R. Cruon, Les phenomenes d'attente, 1960, 275 pp. 

KAUFMANN, À., Methodes et modeles de la Recherche Operationnelle, 2 Vols., 584 pp. 
Prentice-Hall, Inc., 1962. 

Kisser, Jon, M., Currorp J. Crarr and Burt Nawus, Management Games. 
Reinhold Publishing Co., 1961, 347 pp. 

Kune, GILBERT W., et al., Automation and the Library of Congress, U. S. Government 
Printing Office, 1963, 88 pp. 

Kier, Vicrog (Ed.), Convexity (American Mathematical Society Proc. Sympt 
Pure Math.), Vol 7, American Mathematical Society, 1963, 516 pp. 

Kır, M. and C. Derman, Probability and Statistical Inference for Engineers 
Oxford University Press, 1959, 144 pp. 

KuxriwRocE, Leonarv, Communication Nets; Stochastic Message Flow and Delay 
McGraw-Hill, Inc., 1964, 209 pp. 

Kore, Dr. Hewwz Hermann, (Ed.), Handbook of Astronautical Engineering. 
McGraw-Hill Book Co., 1951, 1850 pp. 

Kriz, AnrHUR M., (Ed.), Advances in Hypervelocity Techniques, Plenum Press, 
1962, 795 pp. 

Konzi, Dr. H. P. and W. Kreis, Nichtlineare Programmierung, Springer-Verlag, 
Inc., 1962, 221 pages. 

Laver, H. N. and J. GinpsnsuEEVE, System Design for Computer Applications, 
John Wiley & Sons, New York, 1963, 330 pp. 

LAURENT, ANDRE G., La Methode Statistique dans L’ Industrie, Presses Universitaires 
de France, 3rd Edition, 1964. (There is also a Japanese Edition and a Spanisa 
Edition.) 

Lawrence, Dr. J. R. (Ed.), Operational Research Quarterly, Pergamon Press, 40) 


pp. 

LxIMKUHLER, FERDINAND F., Trucking of Radioactive Materials: Safety vs. Economy 
in Highway Transport, Johns Hopkins Press, Baltimore, Maryland, 1963, 156 px. 

Liverman, Tuomas, Generalized Functions and Direct Operational Methods, Vol. -, 
Prentice Hall, Inc., 1964, 338 pp. 

Macnor, Roserr E., and H. H. Goong, System Engineering, McGraw-Hill, 1957, 
552 pp. 

Macxot, Rosert E. (Ed.), Information and Decision Processes, McGraw-HiL, 
Inc., 1960, 185 pp. : 

Macnor, RosERT E., and Paur Gray (Eds.), Recent Developments in Informaticn 
and Decision Processes, Macmillan, Inc., 1962, 197 pp. 
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Macuor, Rosert E. (Kd.), System Engineering Handbook, McGraw-Hill, 1965, 
1000 pp. 

MARSCHAE, JACOB, and Waurer LepEnER, Kapitalbildung, William Hodge and Co., 
Ltd., London, 1936, 315 pp. 

Marscuak, JAcoB, and Sam H. Scuuzz (Co-Editors), Economic Aspects of Atomic 
Power, Princeton University Press, Princeton, N. J., 1950, 298 pp. 

McGuire, C. B., M. Beckmann and C. B. Winsren, Studies in the Economics of 
Transportation, Yale University Press, 1956, 282 pp. 

Mer, Roserr W., Schedule, Cost & Profit Control with PERT, McGraw-Hill, 
Inc., 1963, 227 pp. 

Moo», A. M. and F. A. GRAYBILL, Introduction to the Theory of Statistics (2nd Ed.), 
McGraw-Hill, Inc., 1963, 443 pp. 

Moors, James M., Plant Layout and Design, Macmillan Co., 1962, 566 pgs. 

MORGENTHALER, Grorce W., “The Theory and Application of Simulation in 
Operations Research,” Chapter 9 of Progress in Operations Research, Vol. I, 
edited by Russell Ackoff, John Wiley and Sons Inc., New York 1961. 

MorcentHater, GEonaE W., "Operations Research Applied to the National 
Ballistic Missile and Space Programs,” Chapter 17, Progress in Operations Re- 
search, Vol. II, edited by David H. Hertz and Roger Eddison, John Wiley and 
Sons, Inc., New York, 1963, pp. 387-437. 

Mozsz, H. Currron, and Davy M. Cox, Automatic Factory—The Advent of Auto- 
facturing, American Data Processing, Inc., Detroit, 1965, 250 pp. 

Natuan, Davin and Ouar Heimer, Analytic Geometry, Prentice-Hall, Inc., 1947, 
402 pp. 

Naver, MANFRED K., Arbeits Vorbereitung, Fertigungsplanung und fertigungssteuer- 
ung in USA (Production Planning and Control in USA) Carl Hanser Verlag Co., 
Munich, Germany, 1959, 130 pp. 

Or, WALTER Y. AND ARTHUR P. HURTER, JR., The Economics of Private Truck 
Transportation, Brown and Co., Iowa, 1964, 400 pp. 

Orcutr, Guy H., MARTIN GREENBERGER, JoHN KORBEL and Arica M. RIVLIA, 
Microanalysis of Socioeconomic Systems—A Simulation Study, Harper Bros., 
1961, 425 pp. 

Pecg, L. G. and R. N. Hazeuwoon, Finite Queuing Tables, John Wiley & Sons, 
1958, 210 pp. 

Prrrs, Forrest R. and SAwuEL N. Dicken, Introduction to Human Geography, 
Blaisdell Press, New York, 1963, 468 pp. 

ReEINKE, WILLIAM, Statistics for Decision Making, National Foremen’s Institute, 
1964, 180 pp. 

Roszurs, Sanrorp M., Dynamic Programming in Chemical Engineering and Process 
Control, Academic Press, Inc., 1964, 457 pp. 

Rosinson, PATRICK J. and Davip J. Luck, Promotional Decision-Making: Practice 
and Theory, McGraw-Hill Book Co., 1964, 254 pp. 

SANDLER, Geratp H., System Reliability Engineering, Prentice-Hall, Ine., 1963, 
221 pp. 
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SCHLESINGER, Rosert J., et al., Principles of Electronic Warfare, Prentice-Hal, 
Inc., 1961, 213 pp. 

SHAININ, Dorian et al., Managing Manpower in the Industrial Environment, Wm. 
C. Brown Co., Dubuque, Iowa, 1962, 872 pp. 

SHORTLEY, Gzorcz and E. U. Connon, The Theory of Atomic Spectra, Cambridge 
University Press, 1935, 441 pp. 

SHORTLEY, Gzorae and Duprey WILLIAMS, Physics, Prentice-Hall, Inc., 1950, 
Vol. I, 481 pp. Vol. II, 797 pp. 

SHorTLEY, George and DupiEey WILLIAMS, Principles of College Physics, Prentice- 
Hall, Inc., 1959, 913 pp. 

SHortiey, Georce and DoNALp MzNzzL (Ed.), Selected Papers on Physical 
Processes in Ionized Plasmas, Dover Publications, Inc., 1962, 374 pp. 

SHortLEY, Grorcg and Duprey WILLIAMS, Elements of Physics, Prentice-Hal, 
Inc., 1st Edition, 1958, 778 pp., 2nd edition, 1955, 898 pp., 3rd edition, 1961, 
941 pp., 4th ed., 1965, to be published. 

Srxro, Rios Gancra, Metodos Estadisticos, Rios Garcia, Sixto, Ine., 1961, 290 pp. 

Srarr, Martin K., (Ed.), Executive Readings in Management Science, Macmillan, 
1965. 

Srarr, Martin K., Production Management: Systems and Synthesis, Prentice-Ha 1, 
1964, 533 pp. 

Starr, Martin K., Decision Theory and Product Design, Prentice-Hall, 1963, 120 
pp. 

Srarr, MARTIN K., and DAvio W. Miren, Inventory Control—Theory and Practice, 
Prentice-Hall, Inc., 1962, 354 pp. 

Srarr, Marvin K., and Davin W. Muer, Executive Decisions and Operations 
Research, Prentice-Hall, Inc., Englewoods Clifis, N. J., 1960, 446 pp. 

STOLLER, Davin S., Operations Research: Process and Strategy, University of Cali- 
fornia Press, 1965, 157 pp. 

Summers, Gronge W., Financing and Initial Operations of New Firms, John Wily 
& Sons, Ltd., 1962, 64 pp. 

Tsicuronw, DANIEL, Introduction to Management Science, John Wiley & Sons, 
Ltd., New York, 1964, 718 pp. 

TzrcHRoEw, Danie, and James Howsiu, Mathematical Analysis for Busincss 
Decisions, Richard B. Irwin, Inc., 1968. 

Van Horn, Ricsard and R. H. Greaory, Automatic Data Processing Systems, 
2nd Edition, Wadsworth Publ., Co., 1963, 816 pp. 

Van Horn, Ricnarp and R. H. Grucory, Business Data Processing and Pro- 
gramming, Wadsworth Publ. Co., 1963, 403 pp. 

Warsa, Jonn E., Handbook of Nonparametric Statistics: Investigation of Randomness 
Movements, Percentiles and Distributions, D. Van Nostrand Co., Inc., 1962, 575 


pp. 

Warsu, Joun E., Handbook of Nonparametric Statistics I: Results for Two and 
Several Sample Problems, Symmetry and Extremes, D. Van Nostrantl Co., Ins., 
1965, 712 pp. 
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WEINBERG, RoBERT S., An Analytical Approach to Advertising Expenditure Strategy, 
Association of National Advertisers, Inc., 1960, 127 pp. 

Yovirs, MARSHALL C. and Scorr Cammron, Self-Organizing Systems, Proceedings 
of the Interdisciplinary Conference Self-Organizing Systems, Pergamon Press, 
1960, 322 pp. 

Yovrrs, MARSHALL C., Large Capacity Memory Techniques for Computing Systems, 
Macmillan Co., 1961, 440 pp. 

Yovrrs, MAnsHALL C., GeonaE T. Jacopi, and Gorpon D. GorpsrEIN, Self- 
Organizing Systems, 1962, 562 pp. 
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News and Announcements 


JOINT ORSA AND TIMS MEETING, LOS ANGELES 


The 12th Annual Joint Western Regional Meeting of The Institute of Manage- 
ment Sciences and Operations Research Society of American will be held at the 
Ambassador Hotel, Los Angeles, California, 29-30 April 1965. An extensive pro- 
gram is being prepared around the central theme of "Techniques for Modern Man- 
agement.” There is room for a limited number of additional papers. Abstracts 
should be sent to: Dr. RaouL J. Freeman, Program Chairman, ORSA-TIMS 
Meeting, THE RAND Corporation, 1700 Main Street, Santa Monica, California. 


WASHINGTON OPERATIONS RESEARCH COUNCIL (WORC) 
NEWSLETTER 


The September, 1964, issue of the WORC Newsletter described the educational 
offerings in operations research available in the Washington, D. C., area in a format 
similar to that used in announcing similar offerings at other Universities in The 
Spring, 1963, and Spring, 1964, issues of the ORSA Bulletin. WORC Secretary is 
Dr. Jonn Honre, 96 Honeywell Company, 1701 Pennyslvania Avenue, Washington, 
D.C. WORC dues are $4.00 per year from September 1, annually. 


ECONOMICS OF AUTOMATIC DATA PROCESSING (ROME) 


The International Computation Centre (ICC) will hold a Symposium on the Econ- 
omiesof ADP. A call for papers to be sent to “Symposium on Economies of ADP,” 
International Computation Centre, Casella Postaie No. 10053, EUR-ROME, Italy, 
has been made. Closing data for submission was April 30, 1965. The Symposium 
will be held in Rome in October, 1965. 


OCEAN SCIENCE AND OCEAN ENGINEERING 


Ocean Science and Ocean Engineering Conferences and Exhibit will be held June 
14-17, 1965, at the Washington Hilton Hotel, Washington, D. C. This is the ñrst 
national conference to explore the role of marine technology to utilize the resources 
of the sea and the marine environment. For more information, contact RADM. 
M. H. Smons, JR., Executive Secretary, Marine Technology Society, 1080 16th St., 
N.W., (Suite 828), Washington, D. C. 20006. 


BUSINESS INTELLIGENCE CONFERENCE 


The Proceedings of the 1964 Conference on Modern Business Intelligence Systems, 
held in Los Angeles California, (1964), may be obtained from R. M. Greene & 
Associates, 11691 National Boulevard, Los Angeles, California 90064, for $12.50, 
postpaid. The work includes nine articles. 
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INTERNATIONAL SYMPOSIUM ON MULTIVARIATE ANALYSIS 


It is planned to hold an International Symposium on Multivariate Analysis at 
the University of Dayton, Ohio during the period June 14-19, 1965. This sympo- 
sium is sponsored by the Aerospace Research Laboratories (ARL) at Wright-Patter- 
son Air Force Base, Ohio. ARL is a unit of the Office of Aerospace Research, the 
research agency of the United States Air Force. PmRorEsson Hanornp Hore iine 
has accepted the invitation to deliver the Inaugural Address. Attendance at the 
symposium is open to anyone interested. Further information may be obtained 
from Dr. P. R. KrisHnatad (organizer), Research Mathematical Statistician, Aero- 
space Research Laboratories, Wright-Patterson Air Force Base, Ohio, U. S. A. 


FIRST INTERNATIONAL CONFERENCE ON PROGRAMMING 
AND CONTROL 


The First International Conference on Programming and Control was held at 
the United States Air Force Academy, Colorado Springs, Colorado, April 15-16, 
1965. 

For further information write to PRorEsson G. B. Dantzig, Operations Research 
Center, University of California, Berkeley, California. 


AMERICAN SOCIETY FOR CYBERNETICS 


The American Society for Cybernetics held its Inaugural Dinner on October 16, 
1964, at the Cosmos Club, Washington, D. C. The Inaugural Dinner Chairman 
was Dr. FRANK Fremont-Smita, New York Academy of Sciences. 

Introductory remarks were made by Pau. S. Hunspaw, Chairman pro tem. The 
program consisted of talks on cybernetics with discussions on M AN by Dr. War- 
REN McCurroog, M.I.T.; MACHINES by Dr. Jutran Biaetow, LA.S.; and 
SOCIETIES by Dn. F. S. C. NogrHROP, Yale University. 

Honorary founders of the American Society for Cyberneties attended the dinner 
along with honored guests and representatives from the following Societies and 
Associations: 

American Iron and Steel Institute 
Institute of Management Sciences 
Association of American Railroads 
Association for Computing Machinery 
Business Equipment Manufacturers Association 
American Mathematical Society 
Operations Research Society of America 
For further information write to the: 

American Society for Cybernetics 

1303 Wisconsin Avenue, N.W. 

Washington, D. C. 


RUTGERS SUMMER O.R. COURSE 


The Industrial Engineering faculty of the Mechanical Engineering Department . 
of Rutgers—The State University announces a two-week intensive course on Opera- 
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tions Research in Industry, to be offered during the period June 7-18, 1965. This 
program is primarily designed for experienced graduate engineers who wish to gain 
an understanding of the modern methods of Operations Research and their applica- 
tions to industrial problems. 

The course will emphasize the meaningful solution of problems in production and 
inventory control, allocation of resources, and other areas of interest to industr- 
(marketing, administration, etc.). Specific illustrations from actual industrial 
practice will be presented. : 

Methods to be covered include such topics as linear, non-linear, and dynamis 
programming; inventory with constant and probabilistic demands; demand fore- 
easting; marketing competition; queuing, simulation of random processes; reliabil- 
ity; and job scheduling and sequencing. 

Several computer programs for the IBM 1620 and the IBM 7040 have been 
specially developed or adapted for this course. The computational facilities avail- 
able at the Rutgers Center for Information Processing will be used to illustrate th» 
actual solution of medium and large scale operations research problems. 

For Further Information Contact: 


Proresson ANTHONY J. Det Mastro 
Director Continuing Engineering Studies 
Rutgers—The State University 

College of Engineering 

New Brunswick, New Jersey 08903 


UNIVERSITY OF MICHIGAN SUMMER COURSES 


The University of Michigan will hold its usual summer courses in operations re- 
search. This summer the courses are: Foundations and Tools for Operations Re 
search and the Management Sciences, August 9-20, $275; Operations Researca 
Problems in Engineering, August 9-20, $275; Recent Mathematical Advances in 
Operations Research and Management Sciences, August 9-20, $275; Quality Cor- 
trol by Statistical Methods, August 9-19, $200; Applications of Computers in 
Hospital Management, June 21-25, $160. For complete information write: 
Engineering Summer Conferences, West Engineering Building, University of Michigar., 
Ann Arbor, Michigan. 


UNIVERSITY OF MICHIGAN PROGRAM IN O.R. 


The Graduate School at the University of Wisconsin has approved the formatio 
of a University-wide Committee on Operations Research and Administrative 
Science. The members are Professors Napier, Chairman (Industrial Engineering , 
BAwpEN (Agricultural Economies), Box (Statistics), Fagen (Urban and Regions] 
Planning), Gaumnirz (Commerce), Hag (Sociology), Hour (Economics), JAMES 
(The University of Wisconsin-Milwaukee), KARREMAN (Mathematics Researca 
Center), Morton (The University of Wisconsin-Milwaukee), Penniman (Political 
Science), Rosen (Computer Science), and Rupp (Chemical Engineering). 

Operations Research is frequently said to concern the quantitative formulatioa 
and solution of decision problems including the design of decision and control 
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systems. Administrative Seience is said to eoncern the human organization which 
defines the problems and operates the systems. A significant philosophy about the 
Operstions Research and Administrative Science (ORAS) program at The Univer- 
sity of Wisconsin is that attention to both areas is considered essential. 

Since both the techniques of analysis and the knowledge of substantive areas are 
treated in various departments throughout the University. The ORAS Committee 
will coordinate work in this area. 

As a start. the committee administers an interdisciplinary minor in ORAS for 
the PhD. Students who take the minor will come from a variety of different back- 
grounds and may be majoring in any one of a number of different areas. He will 
select an area of application and choose the tools of analysis that are particularly 
relevant, or he may concentrate on a tool of analysis and study applications in 
various areas. The committee seeks to retain flexibility to insure that the minor 
course of approved study will provide an intellectual challenge in ORAS and will 
enrich and broaden the particular student. To achieve this. each student’s pro- 
gram will be considered individually in consultation with his major professor and 
must be approved by the chairman or executive group of the ORAS committee. 

The candidate should have introductory preparation satisfactory to the com- 
mittee. An ideal background would include introductory courses in statistics, 
differential and integral calculus, matrix algebra, computer programming, and some 
social science courses, economics, political science and sociology that stress organi- 
zation behavior. Because many suitable students will not have this ideal back- 
ground, all interested students are urged to consult the chairman of the committee. 

The minor program must provide a minimum of 12 credits. Three credits are 
chosen from each of the following three areas except that the courses must be taught 
outside of the sutdent’s major department or school: 

1—Probability Theory and Statistical Inference 

2—Optimization Techniques 

3—Administrative Sciences 

Where the student’s major program of study already includes such courses, other 
courses outside his major field should be substituted. Students whose major pro- 
gram is strong in quantitative tools are urged for their minor to select courses in the 
administrative science area and vice versa. 

The additional three credits will be an integrating course, Problem Seminar in 
Operations Research and Administrative Sciences, to be taken as the last one in the 
minor sequence. ‘The course will involve lectures regarding the unifying concepts 
of systems, a weekly laboratory to review applications of ORAS within a disciplinary 
and interdisciplinary framework, and an individual project for each student to 
provide insight to the breadth of problem solving in ORAS. 


UNIVERSITY OF WISCONSIN OFFERS INTENSIVE COURSE IN 
WORK DESIGN 


An intensive course in Work Design will be presented by The University of Wis- 
consin Extension Division in cooperation with the College of Engineering and the 
local Chapters of American Institute of Industrial Engineering and Society for the - 
Advancement of Management on June 7 through June 18, 1965. 
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The course covers the design of complete management systems in contrast to the 
casual “improvement” or “immediate problem solutions” approach. Among the 
topics to be considered in depth are concepts of systems, philosophy of work design, 
mathematical models, management policies for effecting change, development of 
manpower utilization, ete. Applications will be emphasized through the use of 
case studies presented by experienced personnel. 

The staff includes many who are applying Work Design to various organizations. 
Dr. LILLIAN M. GirengrH will give the keynote address. The course is under the 
supervision of Dr. GeRALD Napier, originator of the Work Design program, author 
of a book on Work Design and organizer of the first education courses on Work 
Design in the United States and England. 

For additional information and a descriptive borchure write to: Engineering 
Institutes, The University of Wisconsin Extension Division, Attention: W. W. WUER- 
GER, 482 North Lake Street, Madison, Wisconsin 68706. 


OPERATIONS RESEARCH OPPORTUNITIES IN MATHEMATICS 


The Division of Mathematics, National Academy of Sciences—National Research 
Council, calls attention to a variety of fellowships and other support for basic re- 
search in mathematics. Sources of support are given in the bulletin “A Selected 
List of Major Fellowship Opportunities and Aids to Advanced Education,” availa- 
ble from the Fellowship Office, National Academy of Sciences—National Research 
Council, 2101 Constitution Avenue, N.W., Washington, D. C. 20418. 


NATIONAL ACADEMY OF SCIENCE GRADUATE AND 
POSTDOCTORAL FELLOWSHIPS 1965-6 


The National Academy of Sciences-National Research Council has been called 
upon again to advise the National Science Foundation in the selection of candidates 
for the Foundation’s program of graduate and regular postdoctoral fellowships. Com- 
mittees of outstanding scientists appointed by the Academy-Research Council will 
evaluate applications of all candidates. Final selection will be made by the Foua- 
dation, with awards to be announced on March 15, 1965. 

Fellowships will be awarded for study in the mathematical, physical, medical, 
biological and engineering sciences; also in anthropology, economics (excluding 
business administration), geography, the history and philosophy of science, lin- 
guisties, political science, psychology (excluding clinical psychology), and sociology 
(not including social work). They are open to college seniors, graduate students 
working toward a degree, postdoctoral students, and others with equivalent training 
and experience. All applicants must be citizens of the United States and will be 
judged solely on the basis of ability. 

Applicants for the graduate awards will be required to take the Graduate Record 
Examinations designed to test scientific aptitude and achievement. The examina- 
tions, administered by the Educational Testing Service, will be given on January 
16, 1965, at designated centers throughout the United States and certain foreign 
countries. 

The annual stipends for graduate Fellows are as follows: $2400 for the first level; 
$2600 for the intermediate level; and $2800 for the terminal level. The annual 
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stipend for postdoctoral Fellows is $5500. Limited allowances will also be pro- 
vided to apply toward tuition, laboratory fees, and travel. 

Further information and application materials may be obtained from the Fellow- 
ship Office, National Academy of Sciences-National Research Council, 2101 Con- 
stitution Avenue, N.W., Washington, D. C. 20418. 


JOINT COMPUTER CONFERENCE AWARDS PRIZE 


Dr. Davin N. Freeman, a member of ORSA, was recently awarded a prize for 
the most significant paper presented at the 1964 Fall Joint Computer Conference. 
His paper on Error Correction in CORC was based upon his doctoral thesis at Cornell 
University in the Field of Industrial Engineering and Operations Research. The 
thesis work was directed by Prormssors R. W. Conway and W. L. MAXWELL and 
was the outgrowth of a Cornell University sponsored project to develop a computer 
language appropriate for use in undergraduate engineering education. Dm. FREE- 
MAN is currently at the Endicott Laboratories of the International Business Ma- 
chines Corporation. 


PROGRAM OF VISITING LECTURERS IN STATISTICS 


With the financial support of the National Science Foundation, a Visiting Lecturer 
Program in Statistics is being jointly sponsored by the principal statistical organiza- 
tions of the country, the American Statistical Association, Biometric Society, and 
Institute of Mathematical Statistics. 

The program has five objectives: (1) to provide education, (2) establish and em- 
phasize the role statistics plays in research and practice, (8) to create awareness of 
career opportunities, (4) to provide advice and information to students, and (5) to 
encourage and stimulate new programs in statistics (at Educational Institutions 
and elsewhere). 

Brochures describing the program’s operation were mailed to colleges throughout 
the U. 8. in August (1964). Institutions not receiving the brochure or requiring 
further information should write Prormssor J. KEIER, Department of Mathematics 
Cornell University, Ithaca, New York. 


THE AMERICAN SOCIETY FOR CYBERNETICS INAUGURAL 
DINNER 


The American Society for Cybernetics held its Inagural Dinner on October 16, 
1964, at the Cosmos Club, Washington, D. C. The Inaugural Dinner Chairman 
was Dr. Frank Fremont-Smith New York Academy of Sciences. 

Introductory remarks were made by Paul S. Henshaw, Chairman pro tem. The 
program consisted of talks on cybernetics with discussions on MAN by Dr. Warren 
McCulloch, MIT; MACHINES by Dr. Julian Bigelow, IAS; and SOCIETIES by 
Dr. F. 8. C. Northrop, Yale University. 

Honorary founders of the American Society for Cybernetics attended the dinner 
along with honored guests and respresntatives from the following Societies and 
Associations: 

American Iron and Steel Institute 
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Institute of Management Sciences 

Association of American Railroads 

Association for Computing Machinery 

Business Equipment Manufacturers Association 

American Mathematical Society 

Operations Research Society of America 

For further information write to the: 

American Society for Cybernetics 
1303 Wisconsin Avenue, N.W. 
Washington, D. C. 


WORC LECTURE PROGRAM 


The WASHINGTON OPERATIONS Research Counc has announced a ten-lectur2 
program directed at military and civilian staff members. The lectures will start o1 
10 May and are scheduled each Monday and Wednesday thereafter with the cor- 
cluding session on 9 June. 

For further information contact E. P. Visco, RAC, McLean, Va. 22101, tele- 
phone 703-893-5900, ext. 316. 


M.LT. COURSES 


The Massachusetts Institute of Technology announces a two-week course eL- 
titled “Methods of Operations Research” to be given August 30 through September 
10, 1965 for interested and qualified persons. The course will be under the direction 
of PnorEsson Grorcs P. WapswomrH, assisted by M.LT. faculty and staff of tke 
M.LT. Operations Research Center. 

M.LT. will also offer a summer course entitled “Design and Analysis of Scienti£c 
Experiments," July 12-July 23, 1965. Lectures will be given by PRorEssoR HAROLD 
FREEMEN. 

"Operations Research in Marketing,” is the title of another M.I.T. summer 
offering under the direction of PRorEssoR Joan D. C. Lrrrzs of the Sloan Schocl. 

Detailed information may be obtained by writing the Summer Session Office, 
Massachusetts Institute of Technology, Daggett Building, Room E19-856, Cambridge, 
Mass. 021389. 


CANADIAN OPERATIONAL RESEARCH SOCIETY : 


The Seventh Annual Conference of CORS will be held in Toronto, Canada, zt 
the University of Toronto on May 13 and 14, 1965. Information about the program 
and details on registration and arrangements can be obtained from P. T. TAYLOR, 
% Lever Brothers Limited, 299 Eastern Avenue, Toronto 8, Ontario, Canada. 


PERSONAL ITEMS 


° 
REYNOLD GREENSTONE has joined Ordnance Research Laboratory, Bennsylvan a 
State University, State College, Pennsylvania, 16801. 
Ropert S. Turprxrr has joined the faculty of The George Washington University, 
Washington, D. C. 
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Wittram Gnopowrrz has recently been promoted within Hq USAF to the position 
of Special Assistant for Program Evaluation, Directorate of Aerospace Programs. 

Jonn E. Vavasour has been named Director of Corporate Systems and Proce- 
dures for American Metal Climax, Inc. 

Leon W. Comen, on leave from his post as Chairman of the Department of 
Mathematics of the University of Maryland, has succeded M. H. Martin as Execu- 
tive Secretary of the Division of Mathematies, National Academy of Sciences. 

RossznrT J. ScgREISER has joined the Corporate Research Group of Time, Inc., 
New York City. 

DANIEL TErcHROEW has been appointed Head of Organizational Sciences at Case 
Institute of Technology, Cleveland, Ohio. 

Donatp E. CL8VBLAND recently joined the faculty of Civil Engineering in the 
School of Engineering and Applied Science of the University of Virginia. 

Cuarence W. Lrrrrg, JR., has been named Vice President in charge of Research 
and Development at the Waukesha Foundary Company, Waukesha, Wisconsin. ` 

PAur D. Brrxwann has been appointed Director, Operations Research, for 
Pennsylvania Research Associates, Philadelphia, Pennsylvania. 

Downatp Gross has been appointed Assistant Professor of Engineering and 
Applied Science, the George Washington University, Washington, D. C. 

R. Wit11aM Raz, has been appointed Director of the Research Analysis Corpora- 
tion’s (RAC) office in Bangkok. 

MARSHALL ANDREWS of RAC has retired, and has been appointed RAC consul- 
tant. 

Parr R. Compron has been appointed Planning Manager of RAC. 

Sugnwoop C. Frey has joined the Center for Naval Analysis of the Franklin 
Institute (CNA). 

Leste R. Hesevron, JR. has joined CNA. 

J. P. Runa has been elected President of the Institute for Defense Analysis 
(IDA). Dr. Ruina succeeds Richard M. Bissell, Jr. 

JAMES E. Cross has been elected to the position of Secretary of IDA. 

Forprce E. TurrLE has been elected to the Board of Directors of Operations 
Research Incorporated (ORI). The following have joined ORI, according to 
recent releases: ROBERT J. GauNTT, JAMES T. BARBERA, Harry A. DxFERRARI, 
Parr Carrum, Don J. Farquaar, Jonn Honowrrz, Jerry E. Haney. 

Ken-tcui KoYANAGI, Managing Director and Founder of the Japanese Union of 
Scientists and Engineers, and a Member of the Operations Research Society of 
America, has passed away. Joun E. Watsu, ORSA Treasurer, has extended the 
condolences of the Society to the Japanese Union of Scientists and Engineers and 
to the operations research community of Japan in a recent letter to T. TAKAMATSU, 
Assistant Managing Director of the Japanese Union. 


The obvious 
may be suspect 


Elimination of false assumptions is vital to solving problems 
correctly. Truth or truism, this is why the ability to question 
creatively is required of all professional staff members of the 
Center for Naval Analyses of The Franklin Institute. 


CNA is a private scientific organization engaged in operations 
research and broad-based studies for the United States Navy. 
Common to these tasks is the goal of providing Navy execu- 
tives with analytical assistance to aid decisions. 


At CNA, a small group of physical scientists, operations 
analysts, mathematicians, and research engineers apply their 
analytical talents to problems of undersea, air, surface, am- 
phibious, electronic, and nuclear warfare and to matters of 
tactics, strategy, and logistics. 


A few CNA staff appointments are available to scientists of 
superior competence. For more information, write: 


Director 

CENTER FOR NAVAL ANALYSES. 
Dept. RSB 

1401 Wilson Blvd., Arlington 9, Va. 


CENTER FOR NAVAL ANALYSES 
of The Franklin Institute 


OEG * Operations Evaluation Group 
INS > Institute of Naval Studies An equal opportunity employer 
NAVWAG « Naval Warfare Analysis Group 





ENGINEERS * PHYSICISTS ° MATHEMATICIANS 


4AREER APPOINTMENTS 
IN OPERATIONS ANALYSIS 


The Applied Physics Laboratory of The Johns Hopkins Univer- 
sity now offers highly attractive career appointments to the 
professional staff of its Military Operations Analysis Group. 
The atmosphere within the Group is one of imagination, origi- 
nality of thought, informality and independence . . . there is a 
minimum of formal organization. Staff members will enjoy a 
freedom to define and redefine problems and methods of solu- 
tion, working individually for the most part, in an essentially 
academic atmosphere. 


The Group receives its assignments from other divisions at APL, 
the APL management and the Navy, although a considerable 
number of projects are self-generated by Group members. Cur- 
rent problem areas include anti-air warfare, Marine Corps 
‘tactical operations, tactical data systems, strategic weapons sys- 
tems, weapon control, radar systems analysis, and operational 
readiness. 


Respondents must have a degree in one of the physical sciences 
and three or more years experience in a Scientific or technical 
field. Creativeness should be balanced by a practical-minded atti- 
tude, and the ability to function effectively with scant supervision. 


APL’s modern facilities are located in Silver Spring, Md., a 
residential suburb of Washington, D. C., affording a choice of 
city, suburban or country living. The area is known for its high 
living standards, excellent public schools and extensive oppor- 
tunities for graduate study. 


Direct your inquiry to: Professional Staff Appointments 


The Applied Physics Laboratory - The Johns Hopkins University 


8681 Georgia Avenue, Silver Spring, Maryland 
» (Suburb of Washington, D. C) 


ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION FOR EMPLOYMENT ^ 
WITHOUT REGARD TO RACE, CREED, COLOR, OR NATIONAL ORIGIN. 





ALPAC 


is even better ` 
than we expected. 


When we introduced our new linear pro- 
gramming code, ALPAC, we expected it 
to be fast. It was specially designed to 
save time and. money. 

That’s precisely what ALPAC has 
done, with extras. Like these: 
It’s proven itself very fast. So fast it’s low- 
ering the costs of almost any given prob- 
lem. 
It has a special option— CYCLE — that al- 
lows the user to explore the matrix in sec- 
tions—a feature which saves even more 
money for those with rectangular mat- 
rices. 
It has a very large, flexible, and easy to 
use report writer, which includes the op- 
tion of using MACROS. 


iii 


It uses double precision and simultaneors 
input/output computing features to give 
users additional savings. 

It has a special algorithm — called Searca 
—which dramatically reduces the number 
of infeasibilities. 

Along with all this, our Computing Sc- 
ences Division offers an experienced staT 
to help every customer. The growing pop- 
ularity of ALPAC has opened significant 
employment opportunities. Interestéc? 
Get in touch with our Technical Direc- 
tor. He'll tell you about the many wars 


you can benefit. I! 
e 


The Service Bureau Corporation 
Computing Sciences Division 

425 Park Ave., New York, N. Y. 10022 
An Equal Opportunity Employer 
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INFORMATION FOR CONTRIBUTORS 


M EIS for publication and Letters to the Editor should be sub- 
mitted to the Editor of the Socrery, either directly or through one of the 
Associate Editors. Each MS is in general sent to two referees, and from two to 
four months are ordinarily required for this refereeing process. If a paper is sub- 
mitted to an Associate Editor, he will arrange to have it refereed before forwarding 
it to the Editor. 

Manuscripts must be double-spaced throughout (including abstract, footnotes, 
subsidiary matter, tables, and references), with the original in, typewritten: or 
equally legible form. Furnishing a complete, legible, duplicate copy accelerates 
the process of refereeing, but is not mandatory. The style of the JounNAL should 
be meticulously followed in copy preparation. 

References should be numbered consecutively and grouped at the end of the 
paper; for journal references give at least author, volume, page, and year; for book 
references give at least author, title, publisher, city, and year. 

In mathematical expressions, authors are requested to use the solidus whenever 
possible in preference to built-up fractions, to write complicated exponentials in 
the form exp( ), to avoid subscripts or superscripts on subscripts or superscripts, 
and in general to minimize unusual or expensive typographical requirements. Sub- 
scripts and superscripts must be shown large and clear; Greek letters and unusual 
symbols should be labeled on first occurrence, as should subscript ‘zero,’ to dis- 
tinguish it from ‘oh.’ Whether each letter is capital or lower case must be unam- 
biguous. Equation numbers must be at the right. 

Figures must be drawn in black ink on white paper in a form suitable for photo- 
graphic reproduction. Lettering must be of uniform size and sufficiently large to 
be legible when the figure is reduced to final size. Figures should be designated 
by arabic numbers, and legends for all figures must be typed on a single separate 
sheet rather than placed on the drawings. 

Material that has already been published in books or recognized journals, or 
submitted for such publication elsewhere, is not acceptable for publication, but 
review articles, so labeled, are solicited. 

Each article representing original research must be accompanied by an Abstract 
of from 100 to 200 words, to be printed at the head of the article. The abstract 
should .summarize the principal results and conclusions. Articles representing 
original research should be kept as brief as possible, consistent with clarity; argu- 
ments already available in other published work should be merely cited, not re- 
peated; references to related previous work should be reasonably complete. 

Manuscripts not conforming closely to the above instructions will not be refereed . 
or considered for publication until suitable copy is furnished. 
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"Peace is not achieved merely by desiring it” 


May 27, 1959. For official Washington and 
much of the free world, it was a day of mourn- 

ing... the day of John Foster Dulles’ funeral. 
' Ironically, it was also the deadline, set forth 
in an ultimatum six months earlier by Nikita 
Khrushchev, for the West to get out of Berlin. 
But because Dulles had stood firm—as he had 
in so many earlier showdowns between West- 
ern determination and Communist expansion- 
ism—May 27, 1959 was a carefree spring day 
in Berlin, nothing more, nothing less. 

Dulles, often stressing that peace is not to 
be had simply for the wanting, fought all his 
life for a just and moral peace, a peace founded 
on interdependence of nations and the dignity 
of man. We have not yet achieved his objec- 
tives. But time bas both vindicated his judg- 
ment and affirmed the remarkable breadth of 
his accomplishment. š 


In the national interest, the 
Research Analysis Corpo- 
ration applies scientific 
thought to major military, 
technical, economic and 
political problems. Non- 
profit and multidisciplinary, 
RAC invites scientists and 
engineers with advanced 
degrees and superior capa- 
bilities to investigate its 
career opportunities; please 
send your resume to Mr. 
John G. Burke, Professional 
Staffing, Research Analysis 
Corporation, McLean, Vir- 
ginia 22101 (suburb oj 
Washington, D. C.). An 


equal opportu- 
nity employer. GL 


RESEARCH ANALYSIS CORPORATION 
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RESEARCH TRIANGLE PARK - 
NORTH CAROLINA 


excellent opportunities 
immediately available 


OPERATIONS: ANALYSTS 


IMAGINATION and resourcefulness are 
needed at all levels for expanding programs 
in eivil and military defense, information- 
management systems, transportation, tex- 
tile and other types of industrial operations 
research. Unusual opportunities are of- 
fered experieneed operations analysts and 
exceptionally well-qualified recent gradu- 
ates in mathematics, statisties, engineering, 
the physical sciences, and economies. Abil. 
ity to write fluently is essential. 


STIMULATING environment for profes- 
sional and cultural development is provided 
by close association with the Triangle uni- 
versities: Duke, University of North Caro- 
lina, and North Carolina State. Nearby 
Ponai, and beaches enhance pleasant 
, iving conditions. 
I ] rma- 
, f 50, E oro e the ae me APPLY — but only if prepared to meet the 
tion with the Business ce 80 continuing challenges of interdisciplinary 


that you don’t miss any of your projects and deadlines! 
JouRNALs. Send us your old ad- 


dress and your new address and For further information, 
please write: 






LET THE SOCIETY PUBLICATIONS 
SERVE YOU, 









GRO 





Write or Telephone 
C.P.CHADSEY, Advertising Manager 
OPERATIONS RESEARCH 


Research Analysis Corporation 
McLean, Virginia, 22101 
Telephone: 703-893-5121 









your new (current) business affili- : 
ation. Dr. Edgar A. Parsons, Director 
Operations Research Division 


Operations Research RESEARCH TRIANGLE 


Society of 
yeni INSTITUTE 


Mt. Royal & Guilford Aves., Box 490, Durham, North Carolina 


Baltimore, Maryland 21202 An independent non-profit research orgarii- 
zation located on its own campus in North 
Carolina's Research Triangle Park. 


"An equal opportunity employer" 





SYSTEMS SCIENCES 


Several Positions are immediately available 


ranging from junior analysts at the M.S, level 
with 0-2 years’ experience to senior analysts at 
the Ph.D. Jevel with over ten years’ experience. 
Assignments include assembling and evaluating 
data and performing cost/effectiveness and alter- 
nate approach studies for Spindletop’s industrial 
and governmental clients. 


TECHNO - ECONOMICS 


SPINDLETOP 
RESEARCH 


Opportunities 


Industrial Economists needed as project leaders 
and team members for studíes involving indus- 
trial development, advanced planning, marketing, 
venture analysis, industria] utilization/conserva- 
tion of natural resources, and trends in industrial 
technology. B.S, M.S, M.B.A, or Ph.D.; 0-5 
years' experience. 


Regional Economists as project leaders and team 
members in regional development, regional anal- 
ysis and evaluation, and regional planning. B.S.. 
M.S., or Ph.D.; 2-5 years’ experience; specialized 
training and experience in regional economics 
highly desirable. 


SPINDLETOP 


Spindletop is an independent, not-for-profit cor- 
poration providing contract research services in 
the areas of systems sciences, techno-economics, 
physical sciences, and behavioral sciences. Since 
operations began in mid-1962, over 40 industrial 
firms and governmental organizations have beea 
added to our growing client list. Here, in an 
environment conducive to professional develop- 
ment, a variety of talents and specialties :s 
molded into inter-disciplinary teams assigned -5 
solve specific problems. 








An equal opportunity employer 


» ». Key to our future—The man who finds satis- 
faction exploring beyond his specialty—in seek- 
ing out assignments which broaden him in 
knowledge and capability—is needed now, aad 
will always be needed at Spindletop. He is a 
problem-solver, well-grounded in one scientifice 
discipline, who welcomes the challenge o£ inter- 
disciplinary research. And he will express himself 
capably both orally and on paper. If you are this 
man, please contact Dr. Robert A. Porter, 
Vice President and Technical Director, 
Spindletop Research, Ironworks Road, 
Lexington, Kentucky 40505 - 606 * 255-1430 
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The Journal of the Operations Research Society of America 
—[—r———rm—n  O—soM—o- —<..-_— — . 
SUGGESTIONS TO REFEREES 


TIS THE POLICY OF OPERATIONS RxsEARCH to select for publication 
|. whose content will be of interest to at least a significant group 
of members of the Socrgry. The content should be substantial, rather 
than trivial, and should detail methods, as well as reporting results. Worthy 
contributions of less than substantial content, and short notes, should 
appear in the form of Letters to the Editor, à 

OPERATIONS RESEARCH does not desire to be competitive with other 
well-established professional journals for papers clearly in their fields of 
specific interest. 

Answers to the following questions will assist the Editof in making his 
decision as to acceptability of a MS submitted for publication: 


1. Does this paper make a new and substantial contribution to the literature 
of operations research? 

2. Is it an original contribution to methodology, a case history, a review, or a 
discussion? Is its character clear from title and text? 

3. Is sufficient introductory and summary material given to inform any type 
of reader of the content, importance, and field of applicability of the material 
covered? 

4. Is it clearly, precisely, and logically written? Are there any errors? Could 
it benefit from condensation or expansion? Give details, 

5. Is adequate credit given to other contributors in the field and are references 
sufficiently complete? Please supply any significant omissions. 

6. Do you recommend that it be published in Operations RzsEARCH? If in 
your opinion it is not acceptable for publication in OPERATIONS RESEARCH, can 
you include changes to make it acceptable? As a paper or-as a Letter to the 
Editor? Or is it more suitable for another journal? Ornot worthy of publication? 

7. Have you any reservations that make you feel that the judgment of another 
referee should be obtained? If so, please suggest a suitable person, or take the 
initiative in getting comments from some of your colleagues. 


The Editor would appreciate receiving an unsigned carbon of your 
comments, suitable for transmission to the author. Your identity will not 
be revealed unless you request the Editor to do so because you would be 
interested in having the author communicate with you directly.. Your 
comments should be as constructive as possible to assist the author aiid the 
Journa In achieving a high standard of quality. In order to &void de- 
lay in processing this MS, please try to return it with your comments 
within thirty days. i 

Tuz Eprron 
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OPERATIONS 
RESEARCH 
INCORPORATED 





Supporting the Decision-Making Process 

with... 

* Operations and Systems Analysis 

e Engineering Analysis 

e R&D Program Evaluation and 
Planning 


e Prediction of System Performance 

e Design and Implementation ii 
Management Information an 
Control Systems 


ORT's record of accomplishment in sup- 
port of the decision-making process goes 
back 11 years. In that time, we have per- 
formed major contracts for more than 80 
private organizations and military and ci- 
vilian government agencies. 

Asa result, ORI's broad based experience 
today runs the gamut from undersea, sur- 
face and ground warfare through air traffic 
control, missile systems and astronautics . . . 
to the equally wide-ranging problem areas 
of industry. 

Present areas of strong emphasis include 
cost effectiveness and resource allocation 
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studies in chemical and biological warfzre, 
ASW, non-military oceanography, space 
systems such as Nimbus and Polaris, per- 
sonnel-manpower systems, supersonic trans- 
port economics, reliability and performance 
analysis of meteorological and solar obse-va- 
tion satellites for NASA, and work with 
the Army Institute for Advanced Stucies. 
Corporate headquarters are in Saver 
Spring, Maryland (suburban Washingzon, 
D. C.). A second office is maintained in 
Santa Monica, California where an experi- 
enced staff is ready to undertake assign- 
ments of any magnitude for clients in the 
Western United States. ORI maintains 3eld 
groups in residence at the Army War Col- 
lege and Ordnance Research Laboratory. 
May we tell you more about ORI’s 
capabilities, and outline our backgreund 
in your specific problem areas? Please 
write: Dr. Emory Cook, President i 


Operations Hesearch Incorporated, 1400 
Spring Street, Silver Spring, Marrland 
(Suburb of Washington, D. C.). An equal 
opportunity employer. 


JOURNAL OF THE AMERICAN STATISTICAL 


ASSOCIATION 
Volume 60 Number 30€ 
March 1965 
QUALITY AND QUANTITY IN HraHggR Epucarion (Presidential Address). . A. H. Bowker 
Aw ESTIMATION PROCEDURE FOR RANGES COMPOSITION PROBLEMS . . Dennis J. Aigner 
BAYESIAN ANALYSIS OF THE INDEPENDENT MuLTINORMAL PRocESS—NEYTHER MEAN NOR 
Precision KNOWN.. — ...... : . . . Albert Ando and G. M. Kaufman 
PREDICTION OF AN AUTOREGRESSIVE VARIABLE SUBJECT Bots TO DISTURBANCES AND TC 
ERRORS oF ÜBSERVATION........ .. m Ss i Martin J. Baile, 
A NOMOGRAM FOR Cur-SqUARE..... ... I ' William C. Boya 
ERRORS OF CLASSIFICATION IN A BINOMIAL POPULATION . . Manon R. Brysor 


Systematic Statistics USED FOR DATA COMPRESSION IN SPACE TELEMETRY 
Isidore Ewsenberger and Edward C. Posnei 
Tas RELIABILITY OF CONSUMER SURVEYS or FINANCIAL HOLDINGS, Time DEPOSITS 
Robert Ferber 
Optimum ALLOCATION OF SAMPLING UNITS TO Strata WHEN THERE ARE R RESPONSES Ol 
INTEREST . John Leroy Folks and Charles E. Anil 
DESIGN FOR OPTIMAL PREDICTION IN SIMPLE LINEAR REGRESSION 
D. W. Gaylor and H. C. Sweeny 
ON THE E-TEST IN THE INTRABLOCK ANALYSIS OF A CLASS oF Two Associate PBIB Dx. 
SIGNES *° C. o9 ooo Na o ES CU RERO ES vo Gok fts uus N. Gari 
SOME GRAPHS USEFUL FOR STATISTICAL INFERENCE 
Wilham C. Guenther and P. O. Thomas 
A Two-PARAMETER MODEL FOR THE SURVIVAL CURVE OF TREATED CANCER PATIENTS 
J. L. Haybıttle 
APPLICATIONS OF PROBABILITY THEORY IN CRIMINALISTICS. . . C. R. Kingsion 
RATIOS OF NoRMAL VARIABLES AND RATIOS oF Suus OF UNIFORM VARIABLES 
George Marsaglia 
PRINCIPAL COMPONENTS REGRESSION IN EXPLORATORY STATISTICAL RESEARCH 
William F. Massy 
A BAYESIAN APPROACH TO THE ANALYSIS OF DATA FROM CLINICAL TRIALS 
Melvin R. Novick and James E. Grizzk 
THE POWER or STUDENT'S (-TEST. m Lu D. B. Owen 
ON a METHOD OF USING Mura urmay INFORMATION IN I SAMPLE SURVEYS AND VARIANCE 
ESTIMATION IN RANDOMIZED SYSTEMATIC SAMPLING WITH PROBABILITY PROPORTIONATE 


To Size . - erm SANE = 4 T Des Ra; 
PROBABILISTIC PREDICTION . i vs is .Harry V. Robert: 
SOME NONPARAMETRIC TESTS FOR m-DEPENDENT Tam SERIES P. K. Sen 
A HISTORY OF DISTRIBUTION SAMPLING PRIOR TO THE ERA OF THE COMPUTER AND ITE 

RELEVANCE TO SIMULATION . ei foni Damel Teichroeu 


RANDOMIZED RESPONSE: A SURVEY TECHNIQUE F FOR ELIMINATING EVASIVE ANSWER Brag 
Stanley L. Warnes 

MINIMAL SUFFICIENT STATISTICS FOR THE Two-way CLASSIFICATION MIXED MODEL Dzsra? 
Robert A. Hultquist and Franklin A. Graybili 

CONFIDENCE INTERVALS BASED ON THE MEAN ABSOLUTE DEVIATION OF a NORMAL AMPLI 
© Erna M. J. Herrer 
Comparison ÔF Somm RATTO ESTIMATORS. NEUES eoe cs. Myint Tir 


BOOK REVIEWS 
For further information, please contact: 
American Statistical Association 
810 18th Street, N.W. 
Washington, D. C. 20006 





















Applied Mathematicians 
Operations Analysts * Applied Physicists 


CAREER APPOINTMENTS 


Vision 


Vision—at Booz*Allen Applied Research—is the union of insight and 
farsightedness in the service of military, governmental and indus- 
trial clients. The clarity of this vision has been evident in our organi- 
zation's reputation for competence, our increasing responsibilities 
. | - and our continuing need for additional new talent. 

Your career growth at Booz-Allen Applied Research will be as 
rapid as your talents permit. Because our breadth of interests en- 
compasses astronautics, communications, computer technology, 
mathematics and statistics, meteorology, operations research, re- 
liability, and a dozen more, each professional staff member is able 
to participate in a wide range of interdisciplinary assignments. If 
you wish to share an outstanding record of diversified achievement 
and can bring us appropriate abilities and experience, we would 
like to hear from you. Please write Mr. Robert J. Flint, Director of 
Professional Appointments. 


BOOZ*ALLEN APPLIED RESEARCH Inc. 


135 South LaSalle Street, Chicago, Illinois 60603 
New York * Washington * Cleveland * Chicago * Los Angeles 
An equal opportunity employer 





MANAGEMENT SCIENCE 


JOURNAL OF THE INSTITUTE OF MANAGEMENT SCIENCES 


PUBLISHED QUARTERLY SINCE OCTOBER 1954 IT BECAME A 
BIMONTHLY WITH THE FIRST ISSUE OF VOLUME 11 IN SEPTEMBER 1964 


Editor-in-Chief: Professor R. M. Thrall, University of Michigan 


e l 
A NEW MANAGERIAL SECTION, incorporating MANAGEMENT TECH- 
NOLOGY and the TIMS BULLETIN, WILL BE PUBLISHED EVERY 


OTHER MONTH STARTING IN FEBRUARY 1965 ALTERNATELY WITH 
THE SCIENCES SECTION. 


Editor-in-Chief: Professor S. B. Littauer, Columbia University 


Chairman of the Editorial Board: Froleesor C. West Churchman, University of 
California, Berkeley 


e 
AND THUS IT WILL BECOME A MONTHLY JOURNAL. 


Subscription price $20.00 for one year, $38.00 for two years, 
$54.00 for three years. 


For membership and subscription information write to 


THE INSTITUTE OF MANAGEMENT SCIENCES 
947 OLD YORK ROAD 


I 


ABINGTON, PENNSYLVANIA 19001 


Make TIMS your information center for 
new ideas in the Management Sciences 
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. MILITARY OPERATIONS RESEARCH 
for the 


DEPARTMENT OF DEFENSE 





Scientifically trained individuals with grounding in opera- 
tions research are being sought by the Weapons Systems 
Evaluation Division of the Institute for Defense Analyses. 
Working near the Pentagon with military members of the 
Defense Department's Weapons Systems Evaluation 
Group, staff members of this private research organization 
apply techniques of military operations research and related 
sciences to problems of highest importance to national de- 
fense. The goal of their effort is to provide complete evalua- 
tions for use by the Joint Chiefs of Staff and the Director 
of Defense Research and Engineering, as well as by other 
elements of the Office of the Secretary of Defense. 

In service to the Nation, in intellectual challenge, and in 
personal growth potential, a position in this body offers 
unique opportunities. Individual inquiries are invited and 
should be addressed to Mr. Thomas J. Shirhall. 


B. O. KOOPMAN, Director 
Weapons Systems Evaluation Division 


<>. 
IDA 


INSTITUTE FOR DEFENSE ANALYSES 
400 Army-Navy Drive, Axlington, Virginia 22202 


An equal opportunity employer sponsored by twelve of 
the nation's leading universities. 
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OPERATIONS 
ANALYSTS 


UNUSUAL OPPORTUNITIES FOR PROFESSIONAL CAREERS 


— The Dikewood Corporation has openings for persons with broad interests an 
academic training in Operations Research. 

— A Ph.D. degree in OR, Mathematics, or Physics, or a history of successful experienc: 
in the formulation and solution of OR problems is required. 

— Current problems include a variety of industrial and military computer applica 
tions, problems in civil defense, weapons effects, and weapons systems analysis. 
— Ideal climate associated with high elevation in the Southwest. 

Address Inquiries To 


Dikewood 


4805 Menaul Boulevard, N. E. Albuquerque, New Mexico 87110 


CAREER OPPORTUNITIES 
IN OPERATIONS RESEARCH 


on the professional staff of Arthur Andersen & Co., 
an international firm of accountants and auditors. 


Successful candidates will become members of a firmly established opera- 
tions research group offering professional services to business and industry. 
On all assignments, emphasis is placed upon achieving tangible results. Thus, 
the ability to motivate and lead an organization to use new methods is a 
valuable asset. The applicant whose primary concern is with business man- 
agement will be most suited to these assignments. 

Candidates for these positions should have formal training in linear pro- 
gramming and mathematical statistics, as well as the underlying mathe- 
matics which are prerequisites to a rigorous treatment of these subjects. 
Advanced degrees, with training in the fields of industrial engineering and 
business administration, are preferred. A minimum of two years’ experience 
with an industrial or professional firm is required, although this need not 
be in an operations research group. 

Positions are available in New York, Chicago, Houston, Los Angeles, and 
other dorhestic offices, as well as in London, Paris, and Melbourne. Those 
who qualify are invited to write directly to: 

Mr. L. A. Moody 

Arthur Andersen & Co. 

1320 West Third Street, 

Los Angeles, California 90017 


. 
An Equal Opportunity Employer 
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REECE prot du 


O.R. Managers —$20,000 to 30,000 


(2) Space and Weapon Systems 
(1) Naval Warfare and Weapons 


(2) Army Tactics, Etc.... ye wil be a the 
(3) General Military Problems i s EE 
(3) Industrial Consulting Boston—May 6-7 





(4) Weapon Systems Cost /Effectiveness 
(5) Industrial Manufacturers 


Military 0.R.—$10,000 to 20,000 
«ther Qualified Personnel are required as follows: 


*rofessional Fields Experience Fields 
-Applied Mathematics *Command and Control 
«Applied Physics «Communications 
‘Electronic & Electrical Engineering -Cost/Effectiveness of 
«Mechanical Engineering Systems & Weapons 
* Economics ` Logistics 
«Operations Research * Equipment Functional Design 
«Probability and Statistics Tradeoff Analysis 
«Data Processing rcd Design 
*War Gaming 


Industrial O.R.—$8,000 to 20,000 


We also have many openings for industrial operations research analysts, covering just about 
every phase of industry and commerce, also consulting, in most principal cities coast to 
coast. Requirements range from junior analysts right out of school (with MS degrees) to 
experienced professionals for supervisory responsibilities. 


Send us your complete resume, including position objectives, current salary and requi-e- 
ments, geographic preferences and areas you will not consider—we’l] take it from thece. 


All inquiries are considered strictly confidential and receive prompt attenticn. 
All fees are assumed by our client companies. 


Halbrecht Associates, Inc. is the nation's oldest and largest firm specializing in the plaze- 
ment of professional personnel in the fields of Electronic Data Processing, Operaticns 
Research and the Management Sciences, 

a 


HALBRECHT ASSOCIATES, INC. 


4641 Montgomery Avenue 
Bethesda, Maryland (suburb Wash. D. C.) 
656-9170 





Publieations of the 


Operations Researeh Society of America 


OPERATIONS RESEARCH 
The Journal of the Operations Research Society of America 


The first issue of this journal was published in November 1952 and contained 
32 pages of text, Started as a saqen f it became a bi-monthly in 1956. Issues now 
average better than 170 text, pages and the distribution is over 6500 copies per issue, 
The subscription for OPERATIONS RESEARCH is included in the annual dues of 
members. The current non-member subscription price is $10.00 per volume ($7.50 per ' 
volume outside U.S, and Canada) and back issues are available at $2.00 each. 

Volumes 1 through 4 are available only from Krauss Reprint Corp.,16 East 46th 
Street, New York 17, N. Y. Back issues of Volume 5 (1957) to date are available 
through ORSA at the following rates: Volume 5—$7.50; Volume 6—$9.00; Volume 
7—$9.00; and Volumes 8 to the present—$10.00. 


BULLETIN OF THE 
OPERATIONS RESEARCH SOCIETY OF AMERICA 


Started in 1957, this publication is issued semi-annually as a supplement to OP- 
ERATIONS RESEARCH and is sent automatically to all members and .sub- 
scribers to OPERATIONS RESEARCH. It contains the program and abstracts 
of papers for the current National Meeting, and information on Society and other 
affairs of interest to members, Single copies are available at $.75 each. 


INTERNATIONAL ABSTRACTS IN OPERATIONS RESEARCH 


The first issue of this journal appeared in November 1961. The journal covers 
operations research literature published in 1961 and subsequent years on a contin- 
uing basis, The annual (volume) nonmember subscription price is $12.50 in the 
U. 8. and Canada and $10.00 elsewhere. The subscription for members is included 
in their annual dues. 


Any of the above publications may be ordered by sending the 


proper remittance to: 
Norvell E. Miller III, Business Manager 
Operations Research Society of America 
Mount Royal and Guilford Avenues 
Baltimore, Maryland 21202 


PUBLICATIONS IN OPERATIONS RESEARCH 


Sponsored by the Operations Research Society of America 
Published by John Wiley & Sons, Inc. 


Publications in this series are approved by the Publications Committee of the 
Boelety and are then published by John Wiley & Sons, Inc. The volumes are 
available to members o the Society at a discount of 25%. To secure this discount, 
members should send checks, made out to John Wiley & Sons, Inc., to the Business 
Manager of the Society. 


The publications to date in this series are: 


No. 1 Mozsz: Queues, Inventories and Maintenance $6.95 

No. 2 Puck ANp HazzLwoop: Finite Queuing Tables $8.50 

No. 3 McKzaN: Efficiency in Government through Systems 
Analysis i $8.95 


No. 4 OR Gnov» Cass IusT.: A Comprehensive Bibliography on 
Operations Research (through 1956) $6.50 


No. 5 Ackorr: Progress in Operations Research $11.75 
No. 6° WAGNER: Statistical Management of Inventory Systems $8.95 
No. 7 Mirs: Price, Output, and Inventory Policy ` $7.95 
No. 8 OR Gnov» Cass Inst.: A Comprehensive Bibliography on 
Operations Research (1957-1958) $8.75 
No. 9 Hertz AND EppisoN: Progress in Operations Research—II $11.00 
No. 10 Fisasurn: Decision and Value Theory $13.75 
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Operations Research Society of America 


1965-1966 
—— . _ _ 


OFFICERS OF THE SOCIETY 


GEORGE SHORTLEY, President Jonn F, Maazz, Vice-President 
Booz, Allen Applied Research Inc. Arthur D. Little, Inc. 
4815 Rugby Avenue 35 Acorn Park 
Bethesda, Maryland 20014 Cambridge, Massachusetts 02140 
Josera H. ENGEL, Secretary Tuomas E. OBERBECK, Treasurer 
Center for Naval Analyses Office of Research Analyses (RRRR) 
1401 Wilson Boulevard Holloman AFB 
Arlington, Virginia 22209 New Mexico 88330 


COUNCIL OF THE SOCIETY 


1964-66 Past President. Auzx M. Moon, Office of Education, Washington, D. C. 20202 


1965-67 Past President, Grorce E. Kimpatt, Arthur D. Little, Ine., 35 Acorn Park, 
Cambridge, Massachusetts 02140 


1963-66 W. EDWARD CUSHEN Lest C. EDIE 
Institute for Applied Tech- The Port of New York Authority 
nology 111 Eighth Avenue 


National Bureau of Standards New York, New York 10011 
Washington, D. C. 20234 


1964-67 MURRAY GEISLER Davip B. Hertz 
The RAND Corporation McKinsey & Co., Ine. 
1700 Main Street 270 Park Avenue 
Santa Monica, California 90401 New York, New York 10017 
1965-68 RaLPH E. Gomory HerseRT K. Weiss 
Thomas J. Watson Research Data Systems Division 
Center Litton Industries 
P. O. Box 218 8000 Woodley 


Yorktown Heights, N. Y. 10598 Van Nuys, California 


CHAIRMEN OF STANDING COMMITTEES 


Membership Committee Education Committee 
NEWTON A ABLAHAT CHARLES D. FLAGLE 
General Electric Company The Johns Hopkins University 
777 14th Street, N.W. Baltimore, Maryland 21218 
Washington, D. C. 20005 Nominating Committee 
Publications Committee PauL L. Kineston 
RussELL L. Ackorr IBM Corporation 
Management Science Center Romax Building 
University of Pennsylvania 731 James Street 
Philadelphia, Pennsylvania 19104 Syracuse, New York 13203 


CHAIRMEN OF OTHER COMMITTEES 


Lanchester Prize Committee Representative to IPORS 
WALTER L. DEEMER Hues J. MISER 

Sections Committee dpe sania to the NRC 
WILLIAM J. NEMEREVER OBERT F. RINEHART š 

Meetings Committee Representatives to the AAAS 
Davip A. KATCHER W. EDWARD CUSEEN 


Ennis A. JOHNSON 


BULLETIN 


OF THE 


Operations Research Society 
of America 
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Program of the Twenty-seventh National Meeting 


REGISTRATION INFORMATION. ..................... esses B-115 
CONCEPT OF THE PROGRAM. ............................... B-115 
MEETING COMMITTBE.............. ue suse cece eee eee B-117 
SESSION CHAIRMEN..................... ena B-118 
SYNOPSIS OF THE MEETING........... .................... B-119 
INDEX OF PARTICIPANTS...... ....... sees B-125 
PROGRAM OF THE MEBTING................ ........ .... B-125 
ABSTRACTS OF THE PAPERS................ ee B-134 
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Minvtes or THE 1965 ANNUAL Business MEETING.......... B-175 
COMMITTEE MEMBERSHIP 1965-1966....................... B-175 
EDUCATION COMMITTEBRB.................................. B-178 
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Joint WESTERN Recionat Maere ORSA/TIMS.......... B-179 
SocrgTY AUTHORS (Contmued)............ . ............. B-179 


News and Announcements ........ ...... ..... .... : .. B-181 


The Houston Meeting 


REGISTRATION INFORMATION 


Registration 


The registration desk will be located in the lobby of the Shamrock Hilton Hotel. 
The registration desk will be open during the following hours: 
Wednesday, November 3 6:30 PM to 9:00 PM 
Thursday, November 4 8:00 AM to 5:00 PM 
Friday, November 5 8:00 AM to 5:00 PM 
Those who have pre-registered may pick up registration card and tickets to the meal 
events at the registration desk. . 
For those who have not pre-registered, the fees will be as follows: 
ORSA Member $12.00 
Non-Member $14.00 


Student $2.00 
Thursday 

Buffet $4.00 
Banquet $7.50 
Friday 

Luncheon $4.00 


Accommodations 


The Shamrock Hilton Hotel has reserved a block of rooms for the meeting at- 
tendees. All meetings and functions will be held in the Hotel. Room reservations 
must be made directly with the hotel. Room rates are: Single, $9-18; Doubles, 
$13-22; Twin, $14-24; Parlor, $25 up. 


CONCEPT OF THE PROGRAM 
Operations Research for Social and Economic Profit 


. The primary goal of Operations Research is the maximization of profit. The 
precise definition of profit has long been a problem to Operations Research practi- 
tioners. When the diverse fields of Operations Research are considered, “profit” 
must be defined in a larger sense. This meeting will present the profit motive and 
Operations Research in this contemporary context. Most of the application sessions 
are business oriented, although several are not. The importance of National De- 
fense as one requirement to assure our continued opportunity to pursue the 
business profit motive is recognized. Two sessions are devoted to this subject. 
Sessions are organized on two of the techniques which have been most success- 
ful in enhancing profitability: PERT-CPM and Mathematical Programming. 
One session is devoted to Space Missions—an area that has profit promise in the . 
scientific sense as well as in National Defense. 
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MEETING COMMITTEE 


General Chairman James A. BrRDWELL 

Schlumberger Well Surveying Corporation 
Vice Chairman Dr. Omer KIRCHER 

Bonner and Moore Associates, Inc. 
Program Chairman Monta G. Surrg 


Bonner and Moore Associates, Inc. 
Arrangements Chairman Dr. H. C. Lgrkovrrs 
Shell Development Company 


Registration Chairman Dr. Groren DAWKINS 

University of Houston 
Finance Chairman Frep V. Worronp 

International Business Machines Corp. 
Recorder HAYWARD LANE 


Profit Development and Controls Corp. 
Documentation Chairman Hanorp E. GARTRELL 
NASA, Manned Spacecraft Center 


Publicity Chairman Howard Bunce 
Southwest Research Institute 
Ladies Chairman Lavra E. BIRDWELL 


Fluor Corporation 
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SESSION CHAIRMEN 


A-1 OR in Banking and Finance 
Dr. C. JACKSON Grayson, JR., Tulane University. 
A-2 OR in the Process Industries 
Dr. Rosert B. Grant, Celanese Corporation. 
A-3 OR in National Security 
Dr. Geroren E. KIMBALLU, Arthur D. Little, Inc. 
B-1 Corporate Modeling and Simulation 
Mr. Groran M. Brooxs, Bonner and Moore Associates, Inc 
B-2 OR in Transportation 
Dr. Ropert M. Onrvgn, University of California, Berkeley. 
B-3 OR in Space Missions 
Mr. Haroun E. GARTRELL, Manned Spacecraft Center, NASA. 
B-4 Mathematical Models of Combat (Panel) 
Mr. Ervin Karos, Center For Naval Analyses. 
C-1 Profit-Oriented Uses of Operations Research 
Mr. L. DUVALL WEBSTER, JR., Sunray DX Oil Company. 
C-2 PERT-CPM: Basic Review and Systems 
Dr. A. W. Wonruax, Texas A&M University. 
C-3 Techniques for Solving Large-Scale Mathematical Programs 
Dr. A. C. Wiruaws, Socony Mobil Oil Company. 
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D-2.3 Application of PERT to Financial Month-End Closing -Procedures, 
Cart As PALLO, Anaconda Aluminum Company, P.O. Box 1654, Louisville, 
Kentucky 40201. 


D-2.4 Using PERT-CPM as an Aid in Planning and Managing New and 
Complex Medical and Surgical Procedures, Joun M. Lone, WILLIAM J. 
Fianiean and Masuxi Hana, University of Arkansas Medical Center, 4301 
West Markham Street, Little Rock, Arkansas. 


D-2.5 The Voluntary Application of PERT in a Commercial Research and. 
Engineering Development Program, M. Potomoscanix, Current Plan- 
ning Department, Xerox Research and Engineering Center, Webster, New York. 

D-2.6 Critical Path Scheduling: Tableau Method, Jamms L. Riges and 
Micuaszt S. Inove, Department of Mechanical and Industrial Engineering, 
Oregon State University, Corvallis, Oregon 07381. 


D-2.7 Project Cost Curves, Some Equivalent Graph Theorems, V. K. 
Hanna, Department of Civil Engineering, University of Waterloo, Waterloo 
Ontario, Canada. 


D-2.8 Optimal Resource Allocation in Activity Networks, P. M. GHARE, 
Industrial Engineering Department, Texas Technological College, Lubbock, 
Texas. 


D-2.9*PERT: Problems to Resolve, H. O. Harrumy and A. W. WORTHAM, 
Institute of Statistics, Texas A&M University, College Station, Texas. 
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FRIDAY AFTERNOON, NOVEMBER 5 CasTILLIAN Room 
Session D-3: 1:30-5:00 
Special Applications and Techniques in O.R. 


Chairman: Mr. J. T. DWYER 
Ernst & Ernst, Gulf Building, Houston, Texas. 


D-3.1 ACost Sensitivity Analysis of Major Design Characteristics of GHOST 
and SCOMO Meteorological Systems, Rospert M. CARLISLE, System 
Analysis Dept., Bendix Systems Division, Ann Arbor, Michigan. 


D-3.2 Rating of Race Horses’ Performance, ROBERT A. Porter, Spindletop 
Research, Inc., Lexington, Kentucky. 


D-3.3 Generalized Models for Allocating Demographically-Dependent 
Manpower Resources, JAcoB A. Wintiams and Witrjam L. Moog, 
Social Security Administration, Department of Health, Education, and Wel- 
fare, Baltimore, Maryland 21286. 


D-3.4 An Application of Inventory Methods to Evaluate Staffing Levels of 
Professional Personnel, Sytvan Hack and Francis ICHNIOWSKI, Social 
Security Administration, Dept. of Health, Education, and Welfare, Baltimore, 
Maryland 21285. 


D-3.5 Some OR Uses of Binomial and Poisson Probability Distributions, 
JogN E. WALSH, System Development Corporation, 2500 Colorado Avenue, 
Santa Monica, California 90406. 


D-3.6 Mean Value Estimation from Digital Computer Simulation, A. V. 
GAFARIAN and C. J. ANCKER, JR., System Development Corporation, Santa 
Monica, California. 


D-3.7 An Investigation of Decision Systems for a Complex Management 
Game, Rosert B. DESJARDINS, School of Business Administration, Uni- 
versity of North Carolina, Chapel Hill, North Carolina. 


D-3.8 Decision Networks: A Methodology for Evaluating the Future Pay- 
offs from Technology Development Programs, CHARLES W. FoREMAN 
and FRANK P. Mertes, JR., Analytic Services, Inc., 6613 Leesburg Pike, 
Falls Church, Virginia 22041. 


D-3.9 Optimal Information Flow in an Organization, SANT R. Arora, 
Mechanical Engineering Department, University of Minnesota, Minneapolis 
Minnesota. 


* p-3.10 Simulation: A Decision Device for Resource Allocation, A. P. FED- 
DERSEN and W. D. O’Grapy, Autonetics, 8970 Miraloma, Anaheim, Cali- 
fornia. 


Friday Afternoon B-135 


FRIDAY AFTERNOON, NOVEMBER 5 CONTINENTAL Room 
Session D-4: 1:30-5:00 


Algorithmic Extensions to Operations 
Research Theory 


Chairman: Dr. ARNOLD E. SAFFER 
Humble Oil and Refining Company, Humble Building, Houston, Texas. 


D-4.1 The Zero One Problem, Harvey Grass, Dept. of Applied Mathematics 
and Computer Sciences, School of Engineering, Washington University, St. 
Louis, Missouri 68180. 


D-4.2 An Algorithm for Integer Linear Programming, RoxsEnT A. Cook and 
Leron Coopzm, Dept. of Applied Mathematics and Computer Sciences, Wash- 
ington University, St. Louis, Missouri 63130. 


D-4.3 Practical Methods of Integer Linear Programming, C. A. Trauts, JR. 
and R. E. Woorsgy, Computer Mathematics Division, Sandia Laboratory, 
Albuquerque, New Mexico. 


D-4.4 Operational Experience with a Mixed Integer Algorithm, Norman J. 
DmnrgBExx, Arthur D. Little, Inc., Acorn Park, Cambridge, Massachusetts. 


D-4.5 Solution of Problems by the Method of Steepest Descent, K. E. GEIB, 
D. S. Hacor and E. E. Mason, McDonnell Automation Center, P.O. Box 516, 
St. Louis, Missouri 68166. 


D-4.6 On Solving Calculus of Variations Problems with Constraints Using 
Gradient Techniques, P. L. ODELL and James MEEK, University of Texas, 
Austin, Texas. 


D-4.7 Electric Utility Application of Linear Programming with Variable 
Cost Algorithm, JoszrH K. Furst, Operations Analysis Section, Phila- 
delphia Electric Company, 1000 Chestnut Street, Philadelphia, Pennsylvania. 


D-4.8 An Application of Linear Programming to the Optimization of Ma- 
teriel Airlifts, S. P. GINDER, Dunlap and Associates, Inc., 1050 81st Street, 
N.W., Washington, D.C. 20007. 


D-4.9 The Process Concept as a Basis for Simulation Modelling, PATRICE 
Bronnen and Howarp S. Krasnow, IBM Advanced Systems Developmen 
Division, 2661 Strang Blvd., Yorktown Heights, New York 10598. 


ABSTRACTS OF PAPERS 


A-l.l Analytical Methods in Banking, KALMAN J. Comen, Carnegie Institute 
of Technology, Pittsburgh, Pennsylvania. 

Some major developments have occurred in recent years which make possible 
significant improvements in the practice of bank management. Bankers have 
traditionally based their decisions on memory, judgment, and intuition. A small 
number of progressive banks are discovering that new managerial techniques have 
been developed which enable them to improve their performance. These techniques 
arise from such diverse academic disciplines as economics, mathematics, statistics, 
and the behavioral sciences. It was not until electronic computers became com- 
monplace in banks, however, that the applications of these techniques became opera- 
tionally feasible. While computers are widely used in banks for performing clerical 
operations, their usefulness to bank management in the problem solving process is 
only dimly understood. Actual applications of analytical methods in banking are 
now being published in both academic literature and professional banking journals. 
Perhaps of even greater future significance to bank management, a growing number 
of academic articles are appearing which develop concepts and techniques of poten- 
tial applicability to banking problems. This paper will review the most important 
work which has been done (both published and unpublished) in developing and 
applying analytical methods in banking. This review will be divided into five 
broad areas of banking problems: asset management, the lending and credit fune- 
tion, the trust department, the bond department, and general banking problems. 


A-1.2 Adventures in ORBIT (Operations Research in Banking, Investments 
and Trusts), Ropert L Kramer, Bankers Trust Company, 16 Wall Street, New 
York, New York. 

The banking industry has been among the most recent to apply the tools of 
Operations Research. Several reasons for the industry’s comparative slowness to 
adopt the O.R. approach are discussed in this paper. It is noted that some of these 
factors still exist, to plague the conduct and implementation of O.R. projects. Two 
specific examples are used to illustrate some of these pitfalls. Coupon schedules for 
municipal bond issues have traditionally been set by “hunch,” or educated guess. 
The optimal schedules can now be determined by a computer. The paper discusses 
some of the difficulties encountered, due to the unfamiliarity of bond department 
personnel with the ways of research. The second example demonstrates some 
problems that can arise from the opposite direction. The project discussed in this 
context involved the optimal allocation of “lock boxes” for large corporate cus- 
tomers. ‘bhe mathematical analysis, involving heuristic programming and simula- 
tion, was reasonably straightforward. However, it was found that the subtle 
nuances of the customer “relationship” had to be considered before the project could 
be successfully completed. i 
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A-1.3 Application of Linear Programming to the Choice of a Capital 
Structure, WILLIAM BERANEK, Professor of Commerce, University of Wisconsin, 
Madison, Wisconsin. 

The procedure assumes that the function relating incremental returns to the 
amount invested can be approximated by a piece-wise linear function. It also 
assumes that the firm is confronted with a variety of opportunities of obtaining 
funds through different bond contracts, preferred stock contracts, and through. 
common stock. Each of these offerings is conditional on the firm being able to 
satisfy a host of restrictions such as, for example, an upper limit on its debt ratio or 
its preferred stock ratio or a minimum value for the number of times its fixed charges 
will be earned. Any one of these restrictions, which may be expressed as a linear 
constraint, becomes operative if, and only if, the corresponding security is issued. 
The objective function may be in terms of either total profits or the value of the 
common stock. In the latter case, some information is required which relates the 
value of the firm’s common stock to the firm’s financial characteristics. The 
optimal solutioa is then found by multistage linear programming. 


A-1.4 On the Simulation of Investment Behavior, GEorrREY P. E. 
CLARKSON, Massachusetts Institute of Technology, Cambridge, Massachusetts. 
Research on the simulation of human decision behavior has created the possibility 

of subjecting actual investment decision procedures to empirical investigation. This 
paper is concerned with the application of experimental analysis to two decision 
models which represent, respectively, the portfolio selection process of an institu- 
tional investor and a price-setting mechanism on the Over-the-Counter security 
market. The former model is capable of replicating the portfolio selections of a 
specific investor. The latter represents the interaction that takes place between. 
broker and trader on the Over-the-Counter market which results, over time, in a 
sequence of prices for a given security. The existence of such models provides a 
basis for a critical examination of the decision procedures themselves. Portfolio 
selection processes can be tested for their ability to perform well under varying 
market conditions. Price-setting mechanisms can be inspected for the statistical 
characteristics of the time series they produce. In brief, the ability to construct 
testable models of decision behavior permits some normative issues to be resolved by 
the application of procedures that are common to all branches of applied science. 


A-1.5 Loan Operation Profit Maximization Through O.R., FREDERICK. B. 
CornisH, Ernst and Ernst, Fidelity-Philadelphia Trust Bldg., Philadelphia, 
Pennsylvania 19109. 

The loan function in banks and financial institutions is approached as a problem 
in resource allocation. Sub-models to answer the following questions were neces- 
sary to develop the criteria for the allocation model: Can the relationship between. 
loan quality, yield and liquidation losses be established? What standards should be e 
established for quality and yield? Can credit-screening factors be established for 
minimizing the delinquency rate? Can changes in real estate values be forecasted. 
, and potential effects on loan yields determined? Can future monies available and 

the flow of this cash be meaningfully predicted? Each sub-model in itself provides 
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guidelines for modifying and improving loan poliey so that direet benefit is derived 
as each sub-model is completed. 


A-1.6 An Application of Heuristic Problem Solving to Accounts Receivable 
Management, Frrpinanp K. Levy, Department of Economics and Business 
Administration, Rice University, Houston, Texas. 

The paper describes a very apparent application of heuristic problem solving to 
accounts receivable management, namely in the location of lock-boxes. Lock-boxes 
are post office boxes selected in & company’s distribution area in order to minimize 
the time necessary for the company to collect and have available the funds remitted 
by its customers in payment of their obligations. The paper starts with a mathe- 
matical formulation of the problem which can be solved by integer programming 
methods. Of particular interest in the statement of the problem is how a set of 
locations is measured. Next the difficulties with the formulation are pointed out 
and a heuristic program to reach a satisfactory solution is described. The program 
is written in FORTRAN IV and is currently being tested. ° 


A-1.7 Scheduling Branch Pickups and Deliveries, Donatp B. Bnour, Arthur 

Young and Company, 277 Park Avenue, New York, New York 10017. 

Variations of a truck dispatching technique have been applied to determining the 
appropriate number of trucks and developing good truck schedules for a large bank 
with over 80 branches. Trips having different purposes were scheduled using 
different criteria. Both one-way trips and round trips were considered. Larger 
branches were given preference during certain times of the day by weighting trip 
times in proportion to the size of the branches visited. Solutions were generated 
using a small computer, and future revisions to meet changing conditions have been 
facilitated. The technique was suggested by the work of Dantzig and Ramser 
(Management Science Vol. 6, No. 1, pp 80-91) and Clarke and Wright (ORSA Vol. 
12, No. 4, pp 568-581). Generalizations were developed to handle the weighting of 
stops for service preference, the one-way trip problem, and restrictions on the 
duration of the longest trip. (In another application in a different industry, the 
use of secondary terminals remote from the main terminal has also been included.) 
The bank was able to reduce the number of trucks owned by 17% and the total 
truck operating hours by 28%. The number of stops was reduced by one-third. 


A-2.1 Plant Investment Problem, Neat Crzany, Phillips Petroleum Co., 

Bartlesville, Oklahoma. 

Recent developments in nonlinear programming have enabled the operations 
research analyst to formulate and solve more complicated and realistic models of 
manufacturing facilities. This paper describes the formulation of and results ob- 
tained from a nonlinear model of a hypothetical petroleum refinery The relaxation 

KS! the linearity restrictions allows the components of the refinery to be more re- 
alistically represented and removes many of the sources of error in the blending of 
the products produced by the refinery. This study was motivated by the desire to 
build a computer program which could be used to evaluate proposed refinery plant 
investments. The program will, subject to a specified set of product demands and 
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prices, determine which of several crude oils to process at what level and will select 
the optimum type and size of units to comprise the refinery. The processing units 
considered are; crude unit, platformer, cat cracker, alkylation unit and cat poly 
unit. 


A-2.2 On Implementing Operations Research in a Decentralized Company, 
WiLLiAM R. Davison, Standard Oil Company (I ndiana), 910 South Michigan Ave- 
nue, Chicago, Illinois. 

A decentralized organization is one composed of several autonomous self-cor- 
tained operating companies functioning within financial and policy controls laid 
down by the parent company. This mode of organization possesses several inherert 
characteristics which tend to favor the effective implementation of operations re- 
search at all levels of the organization. The fact of decentralization can stimulat» 
the development of strong technical capabilities as a result of efforts by each sub- 
sidiary to be self-sufficient and to produce outstanding performance records. Where 
these forces arg operating, managers tend to be unusually receptive to methods arl 
techniques which may improve performance. In such an environment, the pro- 
fessionally qualified O/R practitioner can function effectively as a promoter of, and 
consultant in, O/R techniques, using operating department personnel themselves 
develop specific applications. This approach spreads knowledge about proved 0/2 
techniques throughout the operating departments, and tends to produce a group af 
managers who possess more than a superficial understanding of the objectives and 
methods of O/R. On the other hand, applications may tend to be limited in scope 
unless adequate coordination of effort is provided, particularly with reference 
problems which cross organizational boundaries. An account of primary areas cf 
O/R work to date as well as directions of future work, and a brief discussion of or- 
ganizational aspects is presented. 


A-2.3 The Profit Contribution of Linear Programming to the Management 
of Forest Industries, C. G. Evar, Chemcell (1963) Limited, 1156 Dorchester 
Boulevard West, Montreal 2, Quebec, Canada. 

The paper will discuss the management of forest industries, including the nature 
of the business, the complexity of the problem, traditional approaches to decisiaa 
making, the time horizon of forestry decisions, and problems of measurement. Tke 
applicability of linear programming for allocating woodland resources and the nature 
of constraints will be reviewed with indications of similarities with the oil industry. 
Illustrations will be provided from a case study of the introduction of linear pro- 
gramming into a British Columbian pulp and lumber company covering the orgaz- 
ization of the project, costing problems, and the results obtained. Discussion will 
follow on the management attitude to linear programming, the degree of acceptance, 
problems of implementation and an assessment of the value to the company as a 
planning tool for the enhancement of profits. 


°@ 

A-2.4 An Optimal Plant Location Study, W. G. Wzurzn, 34 Hillcrest, Ponca 
City, Oklahoma. 

The several factors influencing the potential location and size of an industrial 

plant and inventory in the general case are discussed, along with the difficulties ez- 
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countered in formulating an omnipurpose plant sizing computer program. The 
analysis of these factors in the context of a real problem is then discussed, the 
method of solution of this problem is justified, and a diary of the case is presented. 
The problem solved is multi-product and time dependent. 


A-2.5 Optimal Digital Control of a Chemical Reactor, GEORGE L. NEMHAUSER, 
The Johns Hopkins University, Baltimore, Maryland and Mican E. THomas, 
University of Florida, Gainesville, Florida. 

An application of optimal control theory to on-line digital control of a chemical 
process is considered. The cost of operating a process includes two terms; the first 
is associated with deviations from the desired operating point, the second term is 
included to represent costs of exercising control. The optimal feedback control law 
is developed for a linearized version of a tubular reactor model affected by arbitrary 
changes in the feedrate. The results of this scheme are compared with conventional 
control techniques and the optimal linear control law is shown to be substantially 
better. A time-varying linear approximation to the reactor model ieproposed when 
large deviations from the set point are encountered. Hach approximation scheme 
is compared to the numerical solution of the non-linear reactor model. It is shown 
that for small deviations from the operating point it is satisfactory to use the ordi- 
nary linear approximation. However, for large upsets, the time-varying linear ap- 
proximation is needed to obtain adequate results. 


A-2.6 Towards an Automated ‘Total’ Information System, S. Ray ADKINS, 
The Mead Corporation, Dayton, Ohio, and Jonn F. Prggcs, IBM Systems Research 
and Development Center, Cambridge, Massachusetts. 

The conceptual framework underlying an automated ‘total’ information system 
currently under development at The Mead Corporation is presented. This frame- 
work is elaborated in the context of the White Papers Division, a multi-plant divi- 
sion of the corporation supplying a wide variety of papers. The implementation 
schedules, objectives, and difficulties involved in such a system are discussed with 
particular reference to the development and initial installation of the production- 
distribution planning and scheduling models. 


A-3.1 BRAT (Acronym for BRanching Analysis Technology): An Approach 
to System Definition, Synthesis, and Effectiveness Assessment, R. R. 
Boyce and E. V. Brucanz, Martin Company, Orlando, Florida. 

BRAT, an information flow network, was first introduced to define a naval com- 
batant ship to provide measures of effectiveness in terms of accepted ship’s charac- 
teristics. This network is easy to construct and is adaptable to any functional 
system—an automobile, an OR team, a ship, or a factory. BRAT is based on the 
precept that mutually exclusive diagrams which show only functional operations or 

«placement of parts can be combined to form networks which define and synthesize 
systems and can beused to assesssystem effectiveness. Also, if a measure of system 
effectiveness is given, the flow of information through the network provides a guide- 

line for estimating relative worths of components or subsystems. By this process, , 

an effective and relatively invulnerable system may be defined and synthesized. 
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Conceptually, this synthesis leads to the design and development of systems whiea 
are characterized by adequate redundancy, planned sharing, and elimination of ur- 
necessary parts. BRAT provides ample opportunity to incorporate the operations 
research principle of combining subjective judgment with objective analysis. The 
purpose of the paper is to explain how BRAT is constructed and how it can be used. 


A-3.2 Weapon Allocation for Fallout Attacks, Froyo I. Joun and Joan W. 

ULRICA, Stanford Research Institute, Menlo Park, California. 

Fallout attacks are of particular concern to the Office of Civil Defense because 
the problem of casualties resulting from a fallout attack is an important one and the 
Office of Civil Defense can do something to reduce the number of casualties in the 
event of an attack. To assess the magnitude of the threat, it is necessary to esti- 
mate, realistically, the maximum number of casualties that might result from a fall- 
out attack. To do this, the weapons must be allocated in an optimum manner ove 
the target area. The optimization problem is complicated by the interaction of the 
effects of the weapons and by the fact that the location, as well as the number, ci 
weapons is important. The problem is complicated further by the form of the ok- 
jective function. If the empirical data are left in tabular form, then the compute- 
representation of the objective function requires more high speed core than is avail- 
able on many computers. If the data are reduced to functional form, the complex- 
ity of the function results in high computation times. In the face of such difficulties, 
some major simplifications are often made which overly color the result. In this 
paper we present methods which, in some cases, avoid these difficulties. The metk- 
ods fall into two categories, the representation of the data in a modified tabular form 
and the decomposition of the objective function into a sum of simpler functions 
which may be maximized sequentially. Several examples will be given from weapon 
allocation studies made at SRI. 


A-3.3 A Damage-Limiting Shelter-Allocation Strategy, GRACE J, KELLEHER, 

Institute for Defense Analyses, 400 Army-Navy Drive, Arlington, Virginia 22202. 
A damage-limiting strategy for allocating blast and fallout shelters for protection 
against nuclear attack is described. The proposed strategy is to provide a given 
city or metropolitan area the least-cost shelter posture that will limit fatalities from 
a given weapon to a stipulated level regardless of where the weapon is delivered in 
the area. The strategy is executed with a unique allocation model that takes ail 
possible ground zeros into consideration and applies least-cost decision rules in se- 
lecting the specific shelter strengths to be allocated to the population of each one- 
square-kilometer element of the target area matrix. As will be demonstratec, 
postures developed by this strategy against a single weapon of a given yield will, s> 
the same cost, also prove highly (if not optimally) effective against weiipons of di 
ferent yields. This shelter-allocation strategy was tested by designing and costing 
alternative shelter postures for protection of the Houston population. The resuls 
are reported. 
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A-3.4 The Effect of Monitoring System Performance on Force Effectiveness, 
Jay W. Miuuzr, The Boeing Company, Aero-Space Division, Seattle, Washington. 
A detailed examination of shoot-look-shoot... etc. that takes into account the 

characteristics of some proposed target kill assessment (TKA) systems is the sub- 

ject of this paper. In particular, the effect of the following variables on the possible 
weapons savings is shown: (1) desired percent of target complex to be destroyed, 

(2) single shot probability of destroying a target, Py, (8) number of separate salvos 

to be employed, (4) the portion monitored of the sequence of actions involved in 

an individual shot, and (5) the probability of an incorrect report from the monitor- 
ing system. The analysis calculates the force size required to achieve an expected 
number of targets killed as a function of the five parameters listed above. Results 
of some design exercises are utilized to establish realistic characteristics for the TKA 
systems. An important feature of the study is a determination of the optimum 
number of weapons to employ in each salvo. An approximate analysis that omits 
fractional weapon assignments on a target and that applies for a perfect TKA sys- 
tem can be seriously in error both as to optimum force expenditure schedule and 
force savings achieved. This study allows for TKA imperfections and sticks to 
integral numbers of weapons on each target in finding the optimum expenditure of 
weapons per salvo. Numerical results show that TKA system imperfections can 
have a serious effect on possible force savings. For instance, if an expected kill of 

90% of the target complex is desired, the weapons used have a single shot kill prob- 

ability of 0.60 (or failure probability = 0.40), an unlimited number of salvos are 

employed and the TKA system is perfect, only 0.57 times as many weapons are re- 
quired as when TKA is not used. That is, there is a saving of 43% of the force. 

Now if one is restricted to only two salvos, the TKA system is able to monitor only 

80% of the failure probability and only 90% of the TKA reports are correct, the 

force saving is reduced from 43% to 21%. 


A-3.5 An Analytical Solution for Periodic Maintenance of a System, JAMES 
F. Davaurry, III, The Bunker-Ramo Corporation, 8488 Fallbrook Avenue, Canoga 
Park, California 91304. 

A typical problem that might arise in evaluating the performance of a system can 
be stated in the following manner. Given a scheduled sequence of operations of 
preventive maintenance and a set of parameters associated with tests and repairs, 
how often should an operational sequence be repeated such that a given measure of 
effectiveness attains its optimum value? This is the problem to which the analysis 
is addressed. It is assumed that system failure is describable in terms of a sto- 
chastic process. In formulating an analytical expression for the probability of a 
system being operational, the probability of failure function is proven to be har- 
monic, i.e., the system failure function initially oscillates randomly and passes 
through a transient state and after a large number of cycles stabilizes exhibiting a 
periodic property. The equation for the probability of the system being operational 
is a polynomial function with constant coefficients which can be readily solved by 
standard methods. The usefulness of the model is indicated by the ease with which 
the model can be extended to the analysis of multiple systems and the inclusion of 
cost considerations in maximizing the capability of a system. A typical applica- 


Abstracts B-141 


tion of the model is given by analyzing the probability of a missile system being n 
an operational ready state. 


A-3.6 Kill Probability Model for Multiple Dependent Shots, G. L. Garna- 

GHER, Autonetics, 8870 Miraloma Avenue, Anaheim, California 92808. 

The common method of computing probability of kill, Px, for multiple shots cn 
point targets has been through use of the formula: Px(N) = 1 — [1 — Pg(1)]y. 
However, the underlying assumption behind this formula is that the N shots are 
totally independent. In reality, rather than the missile accuracy (target miss dis- 
tance) being entirely random, a portion of the accuracy variance is common (fixed 
but unknown) to all N shots on the given target. This common “bias” will cause 
the shots to cluster about this “bias” point rather than the target itself. A new 
analytical approach to this problem resulting in a simple graphical evaluation of a 
rather complicated integral involving integration of the produet of two correlated 
multivariate normal density functions over variable limits is developed. 


A-3.7 Modeling the Civilian and Military Manpower Environment in tke 
65-74 Era, G. Bernstein and H. SAFEBR, Research Analysis Corporation, 
McLean, Virginia. 

Previous attempts in analysing the impact of alternative civilian and manpower 
policies heretofore have been limited to a manual exercise. The serious limitatiors 
of this system were: (1) Only a very limited set of alternative policies could be as- 
sessed, and (2) The interface between civilian and military policies could not ke 
fully appreciated. As part of an overall study of military manpower policy Ey 
DOD (by Presidential request in April, 1964) RAC developed a computerized mi!- 
itary-civilian manpower projection model. This model projects the impact cf 
alternative military and civilian manpower management policies considering a wid2 
range of alternatives including: (1) continuation of the draft in its present form, 
(2) modifying the present structure of the draft, (8) elimination of the presert 
draft, (4) changes in force size, (5) changes in force requirements, (6) changes in 
military pay, and (7) changes in military obligation, training patterns and other 
institutional practices. The principle outputs of the model include, but are nct 
limited to: (1) flows of manpower from the civilian and military pools, (2) an ar- 
nual projection of the age, education, family and military liability status of the mala 
population, (3) a summary of the strength, gains and losses of each of the active 
duty military components, and (4) the costs associated with procuring, training, 
maintaining and separating military manpower. This model is now operations] 
and has been used to generate projections for the 1964-65 DOD Military Manpower 
Policy Study to be sent to the President this May. 


A-3.8 The Cost/Effectiveness of Reenlistment Incentives in the Navy—a 
Simulation Study, Anton S. Morton, Institute of Naval Studies, Center fa 
Naval Analyses, 645 Technology Square, Cambridge 89, Massachusetts eand FRANE- 
LIN M. Fisner, Department of Economics, Massachusetts Institute of Technolog, 
Cambridge 39, Massachusetts. 

Since 1947, the Navy has suffered shortages of experienced electronics mainte- 
nance personnel, because of too low a first term reenlistment rate. A non-linezr 
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dynamic model was developed to investigate the trade-off between costs and effec- 
tiveness of additional career incentives. Costs per longevity year were determined 
for the Navy with present incentives and reenlistment rates. Survey responses 
were used to estimate reenlistment rates for 22 additional incentives, and added 
costs were determined. Operational usefulness of men was chosen as the measure 
of effectiveness. Relative demand factors for four usefulness classes were derived 
from weighted average estimates made by experienced supervisors. A Cobb-Doug- 
las utility function expressed operational effectiveness, both actual and required, as 
a multiplicative function of the number of men in each usefulness class. Effective- 
ness requirements which could be achieved by a Navy of specified characteristics 
were set up for a 30-year time frame. For each incentive situation, the model, using 
an iterative convergence solution, derived the optimal pattern of annual recruit 
inputs—the pattern that would at least achieve effectiveness goals, at minimal pres- 
ent discounted cost. The sensitivity of results to assumptions was tested. The 
optima were compared, indicating which incentives would at least achieve the ef- 
fectiveness requirements at minimum cost. ° 


A-3.9 Nuclear Cost Assessment Technique (NUCAT), CARLTON Cowss JR, 
Davi C. Brown and Ricganp D. Curusert, Combat Operations Research Group, 
P.O. Box 116, Fort Belvoir, Virginia. 

This paper describes a computer model developed by the Combat Operations 
Research Group (CORG) to support a nuclear weapon cost-effectiveness study for 
Headquarters, US Army Combat Developments Command. The model was de- 
signed to assist operations analysts in the examination of a set of nuclear delivery 
systems on a cost-effectiveness basis, by simulating the firing of each of these weap- 
ons against a given set of targets. Since the calculations performed by the model 
are basic to the concept of cost-effectiveness, the computer program is designed to 
facilitate modification and adaption for use in other studies and analyses. 


A-3.10 Vulnerability Influence on Cost Effectiveness of Tactical Airborne 
Vehicles, R. W. ALLEN, Douglas Aircraft Company, Inc., Santa Monica, Califor- 
nia. 

The use of airborne tactical vehicles in tactical air assault operations has lately 
received considerable attention because of its potential advantages in increasing 
the mobility of battle field missions. One of the prominent types of vehicles em- 
ployed is the helicopter. The helicopter, with its low altitude, high maneuverabil- 
ity, and the capability of transporting troops and equipment in the battlefield en- 
vironment, produces a rather useful military vehicle. On the other hand, its 
relatively slow speed performance characteristics and high vulnerable structure 
makes it rather vulnerable to small arms ground fire. Recent events in Vietnam, 
concerning helicopters that were attacked by ground fire and shot down, have high- 
dighted the helicopter’s vulnerability. The question that frequently arises is 
whether protection of the vital parts of the vehicle and/or increased fire power will 
improve the mission effectiveness with justifiable costs. This study examines the 
effects of vehicle protection and/or increased fire power on the system cost effec- 
tiveness when under a tactical assault mission and subject tosmall arms ground fire. 
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A simplified approach is used in order to quickly highlight the important elements 
and examples which are presented in parametric form to show the interaction of the 
important factors. 


B-1.1 Corporate Model for Steel Production, W. O. BLATTNER, United States 

Steel Corporation, Pittsburgh, Pennsylvania. 

United States Steel Corporation produces raw materials at multiple mining locz- 
tions and ships them to multiple steel producing plants. An LP model has been 
developed and is used as the basis for establishing optimum raw material allocatiors 
and operating plans. The heart of the model is a set of technological relationships 
describing the blast furnace process for conversion of raw material to iron, which 
have been evolved over a number of years. Experience gained in the successful 
development and implementation of the model and the problems involved in mair- 
taining it as an up-to-date management control tool will be discussed. 


B-1.2 A Refinery and Distribution Planning System, Jack M. GILLETTE, 
Bonner and Moore Associates, Inc., 600 Jefferson Building, Suite 1124, Houston, 
Tezas. 

This paper describes a system to be used for petroleum refining and distribution 
planning using mathematical programming. A brief description of the final system 
is given, but the paper concentrates on the problems of developing proper cost ele- 
ments from accounting data. Some pitfalls and solutions are described. The sys- 
tem will be used for studies which fall into two basic categories: (1) develop opers- 
ting plans to satisfy sales demands considering alternative methods of manufacture 
and shipment, but using existing facilities, and (2) evaluate locations and type cf 
facilities and develop capital investment plans to satisfy sales demands more ecc- 
nomically. These two types of studies can require different objective function 
values. The handling of cost elements and considerations of objective function 
values are discussed in detail. 


B-1.3 PDP—A Broad Spectrum Planning and Control System, CHARLES 

Lewis, General Mills, Minneapolis, Minnesota. 

The Production/Distribution Planning (PDP) system discussed in this paper is 
the successor system to one developed six years ago at General Mills. During thet 
time the system which basically answered the question “How do we produce and 
distribute at minimum cost?’’, has been used for facilities planning and current 
planning. Since the predecessor system was of limited scope more effort was being 
used in fitting the model to the problems than in answering management’s questions. 
A new system has been developed to meet the expanding requirements inherent in 
“How do we produce and distribute for maximum profit?”. The model for this 
new system is quite general in that it breaks down any flow process, without feed- 
back, into the basic stages of Acquisition, Production, Inventory and Marketinz, 
with Transportation providing the links between successive stages. «In concept 
PDP may be thought of as a multi-product, multi-stage, multi-time period network 
flow problem with capacities possible on both nodes and arcs. The capability to 
handle conditional freight rates, as in rail transit movements, has also been built 
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into the system. The system will handle production stages of the translation type 
—one product in, same product out; of the synthesis type—many ingredients in, 
one product out; and of the analysis type—one product in and many products and 
by-products out. The size of problems which will be considered with this system 
will be in the millions of variables and constraints category when stated as a linear 
program. Even with the low coefficient matrix densities encountered in these prob- 
lems the input task is of major proportions. To efficiently handle this problem a 
compiler type input has been developed in exception and restriction format to be 
inputed in management’s own language. The compiler then reduces this input and 
translates it into information the system needs for a solution. 


B-1.4 Non-Linear Distribution Problems, B. R. Buzsy, Management Services 
Department, Union Carbide Corporation, 270 Park Avenue, New York, New York 
10017. 

Distribution models, containing facilities having non-linear costs, have long re- 
sisted computational solution. The optimum program must typically balance the 
increased capital costs incurred in installing depots, pipelines, docks, ete., with the 
decreased transportation costs. Benders published in 1961 an algorithm for solving 
this and more general mixed integer problems. We wish to describe our experience 
over the past year with one computer program implementation of this algorithm. 
This will be done by describing several practical distribution, network problems 
that have been solved. In addition, actual computer experience on a large number 
of randomly constructed distribution problems will be summarized. 


B-1.5 A Practical Simulation of Corporate Financial Operations or 
CORBUS, Fnazpznick B. Cornisa, Ernst and Ernst, Fidelity- Philadelphia Trust 
Bldg., Philadelphia, Pennsylvania 19109. 

The model describes in mathematical terms the operations of a going manufactur- 
ing concern having three interrelated product lines. The model is deterministic 
rather than statistical. The model simulates the response of the company to the 
market-place during a time period and by a feedback loop adjusts following time 
periods accordingly. The model ties together: an operating plan for each time 
period in which financial component values are all computed on the basis of operat- 
ing results expected, the effect of engineering and research expenditures as they af- 
fect revenue thru product utility and improved production methods, the effect as- 
set utilization has on production costs, the company’s response to the market-place 
in terms of: its sales price to its competitor’s price, its product utility, its marketing 
effort, ete. Also taken into account is the lag between engineering expenditures 
and their effect in the market-place, marketing expenditures and their effect, and 
advertising expenditures and their effect. The results are measured in terms of: 
return on revenue, return on assets, asset turnover, unused borrowing or leverage 
capacity. It is a live model, programmed and running Algol ’60. 

B-1.6 International Market Distribution Simulation Model, C. H. Cuyuna, 
International Minerals and Chemical, Skokie, Illinois 60078. 

The paper stresses various aspects of building a simulation model designed for 
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the analysis of competitive conditions in the overseas markets involving raw mate- 
rial products. The problem is formulated as a series of linear equations which ex- 
press both the physical bounds of the situation, activities and the associated costs 
of the alternatives. The model represents a production capacity of the entire 
world (tons per annum) and covers up to 180 major marketing areas. Not only 
would the economic benefits from the coordination and optimization of operations 
on this scale have been large, but the whole approach to corporate planning and 
strategies could radically change within the company. The emphasis of the pape 
is on model building and the analyses of the results as a decision-making tool, rathez 
than a discussion of the computational code or problems. 


B-1.7 Drawing Valid Conclusions from Corporate Simulations, MALCOLM E. 
GorrERER, The Pennsylvania State University, University Park, Pennsylvania 
16802. 

This paper deals with the statistical problems of analyzing the output of corporate 
simulations. Whe simulator is perceived as an experimental device on which various 
experiments may be performed. Due to the large number of parameters that are 
present in any meaningful simulation model of the firm, it is necessary to plan these 
experiments so that the response surfaces may be analyzed and appropriate conclu- 
sions drawn. Various methods for drawing valid conclusions based on carefully 
designed experiments using simulators will be presented and each discussed. 


B-2.1 Peak-Period Analysis and Control of a Freeway System, JOSEPH A. 
WarrLEWORTH, Texas Transportation Institute, Texas A&M University, College 
Station, Texas. 

Several methods of operating a system of freeway ramp controls during morning 
and afternoon rush or peak periods are currently under consideration in traffic er- 
gineering circles. This paper presents some ideas on an optimization approach to 
this control problem. The variable to be optimized (in this case maximized) is the 
total output rate of the critical portion of the freeway system, since this has been 
shown to be essentially equivalent to minimizing the total travel time occurring to 
all vehicles which use the freeway during the peak period. In the control systera 
proposed, each freeway entrance ramp (in the direction of peak flow) is metered et 
a rate which maintains the total merging flow rate at or below a rate set by a central 
computer. The central computer determines the optimum merging flow rates by 
solving an appropriate linear programming problem. The continuity characteris- 
tics of closed traffic systems are used: (1) to detect reduced-capacity occurrences 
(accidents, etc.), and (2) to determine the capacity flow rate at such locations. This 
information is used as input for a modified L-P model which is solved to determine 
optimum operation under the existing conditions. 


B-2.2 The Effect of Driver Response-Time on Throughput at a Saturated 
Signalized-Intersection, C. J. ANcKER, JR. and A. V. GAFARIANS System De- 
velopment Corporation, Santa Monica, California. 

The effect of random driver-response time on throughput at a saturated signal- 
ized-intersection is studied. The model assumes zero. acceleration and deceleration 
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time and identical terminal velocities for all vehicles. Analytic expressions are de- 
rived for the average number of vehicles that pass through the intersection during 
agoperiod. Somecalculations and curves are given for the specific case of a general 
gamma, distribution function for the response time random variable. It is shown 
that the usual mean value model is quite accurate for mean value purposes but that 
variability in response time does cause significant variance in throughput. 


B-2.3 A Model for Simulating Inter-City Traffic Flows, Martin J. ARONOFF 
and Bernard M. Levin, Technical Analysis Division, National Bureau of Stand- 
ards, Washington, D.C. 20234. 

The National Bureau of Standards is designing a model to simulate inter-city 
traffic flows. This model predicts patronage of existing and proposed systems based 
on expected travel demand, cost, and service on competing systems. A computer 
program to simulate passenger traffic has been written for the IBM 7094 digital 
computer using the FORTRAN programming language. Traffic is generated ac- 
cording to a definite set of rules: the model, modular in form, decides on a routing 
for each traveler generated and records the simulated use of available transportation 
facilities. It determines how many passengers of certain types wish to travel be- 
tween a given city pair at a specified time of day and determines which mode each 
type will take by relating his travel preference to the time and cost of each route. 
When all travelers have been assigned to routes for each origin-destination pair, the 
time of day is advanced and the procedure isrepeated. Summary data are collected 
and printed periodically throughout the run. It is anticipated that the model will 
provide information useful in making decisions regarding the future transportation 
system between Boston and Washington. 


B-2.4 Individual Preferences for Various Means of Transportation, FRANK 
Benson and Mites Martin, Department of Statistics and Operations Research, 
University of Pennsylvania, Philadelphia 4, Pennsylvania. 

The relative values placed on the cost, elapsed travel time, comfort, and conven- 
ience of available alternative urban transportation systems was measured for 400 
users in the metropolitan Philadelphia area using structured personal interviews. 
Increments in these factors sufficient to cause a shift in modal split, as reported by 
each individual, was determined as a function of base quantities. Means of the 
distributions of these increment functions were calculated and used as a standard 
against which each individual was compared. Degree of sensitivity to each param- 
eter was then defined as deviance from the standard. Individuals aggregated on 
the basis of primary sensitivity behave in accordance with an elementary decision 
model which says that cost sensitive people choose the cheapest alternative, time 
sensitive people choose the fastest mode, etc. The behavior of 100 additional ur- 
banites was predicted using this model and predictions compared with those of a 
socio-economic regression model. Prediction errors were approximately the same, 
but the utility model appears to have the advantages of: (1) beginning to explain 
why modal split occurs as it does instead of just relying on correlations, (2) leading 
to recommendations for modifications in existing transportation systems, and (3) 
providing a reasonable basis for prediction of demand when a new transportation 
alternative is being considered, i.e. when no historical trip behavior data is available. 
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B-2.5 A Domination Theorem for Optimal Locations, A. J. GOLDMAN, ard 

P. R. Mzygans, National Bureau of Standards, Washington, D.C. 20984. 

Given a geographical distribution of “customers” weighted by frequency or quam- 
tity of service required, the problem is to choose a location L for a central facility 
(firehouse, library, transport terminal, mail-sorting installation, food distributicn 
point, ete.) so as to minimize the weighted sum f(L) of its cost-distances from tke 
customers. L is said to dominate L’ if f(L) € f(L’); clearly any dominated set ef 
locations can be deleted from the possibilities to be searched for the optimum, pre- 
vided a dominator of each is retained. Assume travel is restricted to radial webs 
emanating from one or more “foci”, and to one or more “beltways’’; also suppose 
unit travel costs from “consolidation points” are non-increasing with the length of 
the trip. Under these quite general hypotheses (which can be weakened substam- 
tially, and are not entirely detailed above), the set S of locations consisting of tke 
individual foci and all points on the beltways is shown to contain dominators of ell 
other sites, so that the search for an optimum can be confined to S. 


B-3.1 On the Role of the Digital Computer in Planning Future Space Fligkt 

Programs, STANLEY Ross, NASA, Washington, D.C. 

Against a background of continual reassessment of space program goals, and con- 
stant iteration and recalculation of the many elements within the program, tke 
digital computer offers a means for freeing the program planner from routine, rep- 
etitious and burdensome calculations which dominate the process. The presemt 
paper undertakes a preliminary appraisal of the computer's place within the space 
program planning process; it seeks to develop structural elements characteristic <o 
all space flight programs and it examines those which seem most amenable to treat- 
ment by automatic computation techniques. It discusses the role of the plann2r 
versus that of the machine (or, more correctly, the mathematical decision algorithm) 
in formulating “choices” which affect the program structure. Some tentative spe- 
ifications and desirable operating features are advanced for the software packages 
indicated and, in the light of these features, several existing computer programs aze 
examined. The paper closes with a discussion of how some new computer-related 
systems which appear to be forthcoming might eventually find application in coa- 
ducting space program planning operations. 


B-3.2 Use of Operations Research in Effective Planning of Space Missions 
and Space Programs, C. B. Moore and T. E. Peace, Operations Research Se- 
tion, General Dynamics/Fort Worth, Fort Worth, Texas. 

The magnitude and complexity of space programs preclude a direct adaptaticn 
by management of many of the conventional decision-making techniques. Total 
program effectiveness requires a multiplicity of effectiveness considergtions durir% 
all program phases, and the subsequent integration of the key elements to which 
effectiveness is sensitive into a total effectiveness evaluation. In addition, a neces- 
sity for new measures and methodology of effectiveness assessment has arisen coa- 
currently with managerial burden. "This paper deals with space program plannimg 
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from the selection of spacecraft systems to the delineation of long range space pro- 
grams. Specific topics covered include optimization of spacecraft operational and 
scientific payloads, selection of mission vehicles and modes, selection of mission se- 
quences, and the integration of the results of these sub-optimizations and interim 
decisions into space program plans. ‘The role of Operations Research techniques, 
the use of expertise and mathematical models within the analytical framework is 
particularly emphasized. Effectiveness criteria discussed and used in the evalua- 
tion processes include cost, information yields, value, cost/effectiveness, timeliness, 
development risk, and probability of mission and program success. 


B-3.3 Cost Effectiveness: Incentive Stimulant for Future Spacecraft Pro- 
grams, Epwanp D. Lupo, MSC-N ASA, Houston, Texas. 

Since the early days of the Mercury program the NASA effort in manned space- 
flight has been faced with one primary goal: that of pushing the “state of the art” 
in spacecraft design and fabrication to accomplish certain definite pre-selected ob- 
jectives. With the successful completion of Project Apollo many “state of the art” 
advances will be sufficient to allow primary focus to shift to the problems of the 
economical effectiveness of alternative space programs. The paper deals with the 
growing tendency in the planning of future programs to reap the largest harvest 
possible with the technological and economic resources available. A case study of 
one example of the type of analysis that can be made and the possible advantages of 
this type of early planning is presented. Under the broad heading of cost effective- 
ness analysis this case serves as a primitive example of an application of the simple 
philosophy of cost effectiveness to the complicated problems of the planning of fu- 
ture space flight programs. It is proposed that through analysis of this type that 
incentives will be produced to provide increasing agency effectiveness via economical 
spaceflight concepts. Some of the technical problems of contributory solution of 
these analyses are discussed. The obvious inadequacy to predict the costs of en- 
tirely new programs, the difficulty of developing measures of effectiveness which 
are both logically adequate and quantifiable, and the problems of determining fu- 
ture objectives are each included. 


B-3.4 Effective Design for Interplanetary Exploration Via the Availability 
Concept, Roy B. CARPENTER, JR., North American Aviation, Downey, California. 
Ever since the inception of the Apollo program and perhaps even earlier, men have 

postulated manned planetary missions. To now, these plans have been relegated 

to a nebulous realm called “the foreseeable future” but the question arises why not 
now? ‘This paper explores the bounds on the limiting factor, reliability/crew safety 
and the alternate possibilities that exist and control safe manned interplanetary ex- 
ploration for the next decade. The analysis is based on the premise that the Apollo 

Bunar missions are feasible and a reasonable risk. The intent was to determine if 

Apollo level*technology was adequate to support extended space missions and in 

particular the Manned Mars and/or Venus Flyby. The paper explores the reliabil- 

ity problem using the systems engineering approach to determine mission require- 
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ments in terms of functions, duty cycle and subsequent reliability; and then usirg 
the Apollo assessments, establishes the extent of the flyby mission reliability /crew 
safety problem. <A solution is presented which brings mission success well within 
grasp and to a level of understanding where most can have confidence. Failures 
are excepted, identified and programmed into the design by application of the avail- 
ability concept. The concept is applied first to the completely designed enviror- 
mental control system, then the less defined life support system, and finally to the 
total spacecraft system. As a result, problem areas such as reliability /crew safety; 
maintainability; downtime constraints; spares requirements; test requirements; ard 
operational procedures, requirements and limitations are identified and explored. 
The conclusions show the planetary flyby missions to be feasible within the decade 
and a logical evolution of Apollo. 


B-3.5 An Optimization Procedure Utilizing Dynamic Programming, W. H 
PURCELL, JR., Operations Research Section, General Dynamics/Fort Worth, Fort 
Worth, Texes. 

In this paper, the problem considered is that of finding, for a collection of systems 
in series—with alternate choices for each system, the minimum total cost subjest 
to constraints on the total weight and the overall reliability. This problem is re- 
formulated according to standard dynamic programming techniques, and for this 
reformulated problem, an approximate solution procedure is described. In the ex- 
istence of alternates, and in the use of a product-type constraint, this problem differs 
somewhat from many dynamic programming problems. The requirements that 
these differences impose on the computerized solution procedure are discussed, ard 
its accuracy is looked into. An example problem is presented in which the systems 
were such parts of a spacecraft module as life support, auxiliary power, etc.; tke 
alternate choices were types (such as solar collector, nuclear reactor), or technolaz- 
ical levels (such as state-of-the-art, highly advanced). 


B-3.6 Application of Game Theory to Space Missions, Victor SELMAN, ke- 
liability and Operations Research, System Sciences Corporation, P. O. Box 1123, 
Falls Church, Virginia 22041. 

In recent years much interdisciplinary operations research activity has been in- 
novated to assure space mission successes—both manned and unmanned categories. 
In particular, optimization disciplines have been brought to bear upon the selecticn 
of alternate designs to ultimately arrive at overall system effectiveness at minimum 
cost. The preponderant number of analyses has usually assumed some probability 
density function for the occurrence of various design characteristics. Unfortu- 
nately, some of the assumptions made were overly optimistic, thereby reducing the 
effectiveness of the overall mission. One may look upon selection of alternate d2- 
signs for space missions as decision-making in the face of uncertainty. It is sug- 
gested that a pessimistic but powerful mathematical technique called theory of gam ss 
may be more apropos and ean help to bring the critical factors into’ sharp focus. 
Recognition of the critical factors and use of the von Neumann minimax methodal- 
ogy can greatly simplify the ingredients of a complex situation. It will be shorn 
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by examples how a game theoretic formulation of a space mission may enable the 
designer to identify irrelevant and redundant information in making logical deci- 
sions. 


B-3.7 Budget Priority Analyses in Space Programs, Marx ALFANDARY-ALEX- 
ANDER, Mathematics Branch, Operations Analysis, U.S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

In connection with space propulsion activities, an optimal budgetary allocation 
was determined by means of standard-lottery and mathematical programming 
methods. Parametric variation techniques were then used to answer the question 
of how budgetary reductions (or expansion/reallocation) should be made. The 
iterative solution obtained provided sequential statements of the project allocations 
based on marginal considerations. 


C-1.1 Long Range Facilities Planning, Cuartes F. Kwranr, Lester B. Knight 

and Associates, Inc., 649 W. Randolph Street, Chicago, Illinois. e 

A multi-plant industrial firm with national distribution to several markets is 
faced with the problem of having to expand production capacity to meet five-year 
sales forecasts. Basically. the objective is to determine what products should be 
manufactured and/or assembled where and in what quantity to minimise the cost 
of materials, manufacturing and transportation to insure maximum return on in- 
vested capital while meeting forecasted demand. A model to minimise the cost of: 
Assembly; Manufacturing; Materials; Interplant Transportation and Transporta- 
tion to Markets was constructed and tested. The ramification of such factors as: 
plant locations, new plant start up costs, learning curves, new methods, new stand- 
ard, variation in production and rise of work force were incorporated in the solution. 
The results of the study was a five-year Facilities Program calling for two new pro- 
duction facilities. The program is in the second year of implementation and the 
first new plant is under construction. 


C-1.2 Profit Contribution as a Means of Evaluating a Distribution System, 
W. M. Conen, Price Waterhouse and Co., 60 Broad Street, New York, New York 
10004. 

The use of the concept of profit contribution is of vital importance to manage- 
ment’s evaluation and/or redesign of a distribution system, especially when the 
management of a concern is engaged in both the delivery and manufacture of prod- 
ucts. Profit contribution is here defined to be the difference between selling price 
and manufacturing cost minus loading cost. For example, in an analysis of a com- 
pany which had the capability of producing two dozen related products, an effec- 
tive case was made for using profit contribution as the measure of effectiveness of its 
distribution system. The company involved in this case study had three manu- 
fgcturing plants supplying producis to over one hundred wholesalers representing 
60% of the eompany’s business. The remaining business being accounted for by’ 
retail and export trade. This paper presents the results and conclusions of the 
profit contribution analysis. It shows that the disassociation of manufacturing 
costs and transportation cost from dollar profit will lead to deceiving conclusions. 
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C-1.3 LP Solution of a Manufacturing Problem, E. E. Mason, McDonned 

Automation Center, P. O. Boz 616, St. Louis, Missouri 68166. 

À large aerospace manufaeturing company is using a linear programming ar- 
proach to optimal budget allocations in the preparation of the design of à new mass- 
production assembly line facility. The preliminary design stage is underway f 
production facility to manufacture hundreds of small missiles per day. This ak- 
rupt departure from the normal rates of a few airplanes or large missiles per montà 
resulted in the need for a tool to aid in budget allocations for the various portions 
of this new plant. Linear programming was selected as the most appropriate tool. 
Capital costs, operating costs, make-or-buy decisions, alternate methods of produc- 
tion, and varying rates of production are among the activities included in the linear 
programming model Examples of data involved, data gathering problems, prok- 
lem formulation, output reports, and some of the typical management problems az 
taeked are discussed. 


C-1.4 Manufacture of a Product in the Face of Uncertain Demand, Partie 
G. CARLSON, School of Business Administration, Tulane University, New Orleans, 
Louisiana 70118. 

Manufacturers of seasonal or other products are often faced with uncertain demand 
over a planning period. The objective is to take a position—or perhaps a sequencs 
of positions—with respect to the demand in order to maximize expected profit 
The approach is to develop a sequence of lot sizes based upon the usual setup and 
carrying costs plus the cost of residual units and the form of the imputed demand 
function. The operating procedure is to manufacture the lots in sequence cs 
needed. The particular sub-optimal solution given here is where the lots are &1 
equal and the imputed demand is rectangular. The procedure gives the manu- 
facturer a decision rule for the best maximum number of runs to plan for and tke 
length of each run. i 


C-1.5 A General Purpose Simulator for Forecasting Demand, Inventory 
Control and Production Scheduling, N. Bencuxovsxy, Lybrand, Ross Bros. 
and Montgomery, MSC, R & D, 60 Broad Street, New York, New York 10004. 
The purpose of the simulator for forecasting demand, inventory control and prc- 

duction scheduling is to test different models in order to evaluate different ap- 

proaches to forecasting, inventory and production management. The simulatar 
will calculate average demand, forecast one, two, three and four periods ahead, 
trend tracking signal, reorder point, economic order quantity or economic quantity 
to manufacture, mean absolute deviation, safety stock, forecast plus safety stock, 
unusual demand, and seasonal indices for each month. The simulator is a general 
purpose simulator. It can handle several seasonal routines as well as non-seasonal 
routines. It also incorporates slow moving routines and a number of initializaticn 
routines. Seasonal indices can be generated automatically, starting with a base of 

1.00 for each month or starting from any other base. Any values can be assigned 

to the smoothing factors. Because of the number of variables that can be handled, 

the number of variations that can be run through this simulator is in the thousands. 

Output reports contain several criteria for evaluating the efficiency of each set of 


B-152 Abstracts 


combinations of factors or conditions used in a simulation. The value of the mean 
absolute deviation, the tracking signal and safety stock, are calculated each month, 
the coefficient of variation, which measures the efficiency over the whole test period, 
is calculated at the end of the test period. The simulator, for example, can be used 
to demonstrate to management the effects of various decisions that can be made. 
For example: the effects of varying customer service levels on inventory investment 
or the effect of changing reorder quantities on lead times. 


C-1.6 Dynamic Programming Approach to Disposable-Reparable Inven- 
tory, E. G. Hurst, JR., Operations Research Center, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 

With one notable exception, little work has been published on the realistic in- 
ventory situation where repair of unserviceables is an alternate source of supply 
and where disposal of unserviceable and ready-to-issue inventory is permitted at 
every stage. The current paper presents an extension of the usua? dynamic pro- 
gramming inventory formulation in this direction. A quite general end-of-period 
loss structure and demand-return joint distribution are permitted. Proportional 
ordering and disposal costs are assumed. A dynamic programming formulation is 
obtained with two state variables representing the two kinds of inventory and two 
decision variables representing the desired levels of these inventories. A policy 
structure at every stage is derived from this functional equation, and it is shown 
inductively to be the optimal policy. A brief discussion of possible extensions is 
given, in particular the possibility of including an ordering set-up cost. 


C-1.7 Marketing Techniques and Corporate Modeling, Henri L. BEEN- 

HAKKER, Stanford Research Institute, Menlo Park, California. 

During the last ten years, there has been a mounting outpouring of literature 
about O. R. approaches to marketing. The collection of published articles is 
incoherent as each deals only with a limited number of marketing elements. Fur- 
thermore, few have yielded useful (implemented) results. This paper surveys the 
significant articles and discusses successful applications of O. R. techniques to 
marketing. The O. R. techniques applied to marketing are classified in order of 
the degree of structure. The classification is: (1) planning check lists, (2) logical 
analytic frameworks, (3) adaptive search approach, (4) heuristic problem solving, 
(5) systems simulation, (6) rhocrematics, (7) mathematical models, (8) statistical 
techniques, and (9) conventional optimizing techniques. The paper investigates 
which of these nine techniques have been widely used, used by leading market 
analysts or have potential for future use in the analysis of the following marketing 
elements: (1) product planning, (2) pricing, (8) branding, (4) channels of distribu- 
fion, (5) personal selling, (6) advertising, (7) promotions, (8) packaging, (9) dis- 
play, (10) servicing, (11) physical handling, and (12) market research.  Limita- 
tions, assumptions and cost benefits of each of the techniques are examined. Special 
attention is given to the place of these techniques in corporate models. 
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C-1.8 Maintenance Parts Logistics—A Simulation Approach, S. FIELEN, 
International Business Machines Corporation, Field Engineering Division, Poagh- 
keepsie, New York. 

Maintenance time and service quality in the computer field are directly influenced 
by the ready availability of replacement parts. The logistics problems, however, 
are formidable in light of a need for hundreds of different stocking locations to be 
used for stocking thousands of part numbers, to be available for use in hundrecs of 
different machine types at thousands of customer sites when, in fact, parts failures 
cannot be predicted exactly as to time, place, or quantity. Subject to finarcial 
and service quality constraints, the problems have been reduced to determining 
which inventory control system and initial stock levels should be used a) when 
reorder control is assigned to the stocking location or, b) when reorder control is 
assigned to a remote control computer facility. The total problem environment 
was subdivided into four classes with appropriate stochastic simulation mcdels 
being developed for each class. Depending upon whether the class represented a 
single part*of multiple parts and a single stocking or multiple stocking locations, 
such concepts as echelon stocking, cluster stocking, and response to obsolescance 
ean be studied for optimization. The stochastic simulation models, thus far zon- 
structed, incorporate such features as real time control, variable work week lenzths 
and individual availability of all facilities, the interaction of the information delay 
system and the product delay system, a statistical reorder decision function, ~ari- 
able reporting periods, variable reorder policies, and self-optimization of the in- 
ventory control policies. Though the work in this area is expected to continue 
for some time, the completed models exhibit the ability to identify maintenance 
parts logistics policies which appear to be financially and service-wise desirab-e. 


C-1.9 A Markovian Approach to Evaluating New Bank Services, GERALD G. 
Wisz, Marine Midland Corporation, 241 Main Street, Buffalo, New York 142C3. 
The banking industry is currently faced with the problem of determining a 

priority list for the development of new computer-based customer services. The 

construction of such a priority list requires the reduction to a single measure o: the 
significant factors involved in the evaluation of a specific service. The author 
considers the following four factors as significant, namely: (1) the costs, (2) the 
market, (3) the competitive situation, and (4) some measure of profitability. The 
reduction of the latter factors to the basis of the expected profitability of a service 
as a function of time is provided for in this paper through an analytical framework 
which utilizes the mathematical techniques of Markov processes. A first crder 
absorbing Markov chain is proposed as a system which can quantitatively enc om- 
pass the aforementioned significant factors. The Markov model is applied tc the 
payroll service offered by a typical bank. An estimation of the transition matrix 
for the model is obtained through a sample of fifty firms. Various*statistical -ests 
are applied to the sample data to test certain hypotheses about the transtion 

matrix. An extension of the Markovian model in which a new service is viewed as a 

project competing for a bank’s investment is also explored. 
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C-1.10 Profit Maximization in Incentive Contracts, WILLIs A. SOPER, JR., 

Raytheon Company, Bedford, Massachusetts. 

Incentive type contracts are occupying an increasing percentage of contracts 
awarded by the Department of Defense. The purpose of this type of contract is to 
provide profit incentives to contractors to produce for the customer higher per- 
formance end items at lower cost in a shorter time. A distinction must be made 
between: (1) the establishment of incentives before contract award, and (2) the 
choice of incentives or strategy during the execution of the contract. In the for- 
mer, target cost, performance, and schedule are negotiated by the customer and 
contractor. Ranges of these factors are established in accordance with customer 
indifference criteria and willingness to trade off cost, performance, and schedule. 
Variable profits are associated with these factors in accordance with existing regu- 
lations or practices and estimates of the worth to the customer of different cost, 
performance, and schedule. After award of the contract, management must choose 
that combination of cost, performance, and schedule which will maximize profit. 
This decision is difficult to make because of the interaction of these three’factors and 
because of the uncertainty of attaining these goals. This paper develops a pro- 
cedural and analytical approach to this decision and describes the associated risks. 
An actual case study is presented. 


C-2.1 Basic Review of PERT/CPM Technology, GLEN SELF, Department of 

Industrial Engineering, Texas A&M University, College Station, Texas. 

The present status of CPM and PERT will be reviewed in order to provide a 
background for the more specialized papers to be presented in this session. The 
various common aspects will be discussed for the two methods in an introductory 
manner. The points which will be discussed include: (1) common methods used 
in the derivation of networks, (2) methods used in adjusting the network, (3) the 
specification and use of probability distributions in PERT, (4) critical paths and 
slack in networks, (5) benefits attributed to the use of PERT, and (6) problems 
associated with the application of PERT. Though general, this discussion will 
provide the uninitiated with a basic understanding of the concepts and the Bape 
enced user with a brief review. 


C-2.2 A Unified Planning and Scheduling System, R. W. METZGER and R. E. 

THIELE, JR., The Dow Chemical Company, Midland, Michigan. 

A Unified Planning and Scheduling System (UPSS) has been developed which 
provides a complete system for project planning and scheduling. The UPSS sys- 
tem includes the network planning techniques of PERT and CPM and heuristic 
techniques for resource leveling or scheduling. The statistical characteristic of 
PERT and the minimum cost time compression characteristic of CPM are available 
to the system user at his option. PERT and CPM are planning tools—they es- 
tabtish the limits for scheduling, but are, in general, ineffective for solving the 
problem of resdurce requirement vs. availability. The heuristic techniques, in- 
cluded in the scheduling part of the system, provide a good schedule of activities 
within the resource availabilities. UPSS is designed for both the expert and the 
occasional user with simplified input and meaningful output—output designed for 
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the project inanager. Several applications will be discussed in detail to illustrate 
the various uses of UPSS for project planning and control. These include a plans 
turnaround, in which the sum of expediting costs and outage costs were minimized; 
another plant turnaround, where extra men rather than cost were used for time 
compression; the scheduling of courses in an engineering curriculum; and severa- 
generalized networks for product research and development. 


C-2.3 A Total Systems Approach to PERT-CPM, B. U. MirugR and D. E. 

MILLER, Autonetics, Anaheim, California 92808. 

A persistent challenge encountered in the application of a management syster- 
based upon PERT-CPM has been user understanding and acceptance. Charac- 
teristically, useful results are not realized until proper balance is maintained be- 
tween several conflicting areas of management concern. Modern companies are 
faced with more than a need to identify product cost and schedule problems; equally 
important are the requirements of the internal accounting system and the need to 
allocate human resources efficiently within a complex organizational structure. 
For the past two years an operations research team at North American Aviation’s 
Autonetics Division has developed a low cost and uniquely simple, yet compre- 
hensive, automated management system known as SCOPE. Today, Autonetics is 
enjoying the successful implementation of SCOPE; the system is providing valu- 
able information to all levels of management for routine participation in such areas 
as organizational performance, schedule and cost status on product/program de- 
velopment, organizational and program manpower requirements, and allocation oi 
human resources with incumbent organizational change. This paper will describe 
the capabilities of SCOPE, emphasizing the difference and advantages of this sys- 
tem to other management systems and its flexibility to permit rapid, practical 
implementation in other firms. 


C-2.4 Networks for Multi-Project Operations, Jonn E. Stacy, JR., Midwes 
Research Institute, 425 Volker Boulevard, Kansas City, Missouri. 
(No abstract available.) 


C-2.5 Project Scheduling With Limited Resources, Jerome D. Wrest, 
- Assistant Professor of Production Management, University of CUE at Los 

Angeles, Los Angeles, California 90024. 

Present PERT-type scheduling models implicitly assume unlimited availability 
of resources. When resources are limited, however, the concepts of “slack” and 
“critical path” lose their normal meaning, as activities may be constrained in ther 
start dates by availability of resources as well as technological orderings. Analytis 
solutions to the limited-resource, project scheduling problem are infeasible; heuris- 
tic approaches seem most promising of useful results. One such approach, de- 
scribed here, is a computer model capable of scheduling single or multiple projects 
within resource limits and other constraints commonly encountered by the project 
scheduler. The model is based in part on the concepts of “critical sequence" and 
“conditional slack," derived from a limited-resource modification of network 
scheduling methodology, (reported in Operations Research, May-June, 1964, pp. 
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395-418). These concepts are discussed, along with the basic formulation of the 
model and its scheduling heuristics, which determine the period-by-period alloca- 
tion of resources to activities in a project. By changing certain parameters and 
heuristics in the model, one can simulate project scheduling under varying con- 
straints and scheduling rules. 


C-2.6 High-Speed Calculation of the Critical Paths of Large Networks, 
MicuAErL MOoNTALBANo, IBM Systems Research & Development Center, 2670 
Hanover Street, Palo Alto, California 94804. 

For large critical-path networks, most existing computer programs require sepa- 
rate tape passes to perform such functions as topological sorting, consistency checking, 
forward time calculation, backward time calculation, loop tracing, and so on. This 
paper describes a working program on the IBM 7090 which performs all of these 
functions in one pass. The amount of computer time required for the calculation 
depends both upon the size of the network and the number of ares in the path of 
longest arc-length. For a network of 3000 nodes (activities), 21,000 arcs (prece- 
dence relationships) and 100 arcs in the path of longest arc-length, the calculation 
of early and late start times, critical path, and floats required less than six minutes. 
The basic algorithm occupies a relatively small portion of core memory. If it were 
separated from the input-output routines, it would permit the calculation, in one 
pass, of even larger networks (of the order, for example, of 7500 nodes and 37,500 
ares). Work on an even faster, more flexible program is currently under way. 


C-2.7 Automatic Computer PERT-CPM Plots, D. E. Darum, University 
of Utah Computer Center, Sali Lake City, Utah. 

A computer program has been developed which will automatically plot PERT- 
CPM networks. 'The input consists only of prerequisite activity data, and the 
final size of desired plot. The computer program sorts the activities into time- 
sequence, then produces a well laid-out PERT-CPM plot of the activities. Node 
circles are located, activity lines are drawn to connect the nodes, and finally, each 
activity line is labeled. The computer program, written completely in FORTRAN 
IV, will operate on a medium size computer. Required computer time is minimal. 
A typical total cost for doing a computer plot is about five to ten cents per activity. 
The CalComp digital plotter is used to produce the plots. The program makes 
available to the operations research analyst a very new, powerful tool. He is now 
able to lay out his PERT-CPM prerequisite activities, and almost immediately 
obtain a plot of the network. This will aid him in further analysis, and will always 
reflect the latest network configuration. Typical plot problems were considered 
and largely solved in designing an automatic PERT-CPM program. Examples of 
the problems are node layout, uncluttered activity lines and labeling. The paper 
discusses these problems and several examples of plotted networks are included. 


'C-3.1 Solving Large-Scale Systems, Gzorce B. Dantzia, Operations Research 
Center, University of California, Berkeley, California. 
Many important applications require the solution of truly enormous linear pro- 
grams. Alternative methods of solving systems with special structure such as 
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dynamic block angular and sparsely connected systems will be discussed. Pro- 
posals of Beale, Rosen, Bennett, Van Slyke, Wolfe and the author’s and others 
will be reviewed. 


C-3.2 Computational Aspects of Large-Scale Quadratic Programming 
Problems, ANDREW WHINSTON, University of Virginia, Charlottesville, Virgina. 
The computational aspects of quadratic programming problems will be surveyed. 

Particular attention will be given to large-scale problems and their reduction to 

computable form. In particular, decomposition type algorithms will be discussed. 

The question as to the efficiency of pivot selection rules will be posed and some at- 

tempts at answers will be given. A discussion of the relationship of the size of a 

quadratic problem and the ordering of the pivot rules will be presented. 


C-3.3 Applications of Column and Row Generating Techniques, Rapa 4. 
Gomory, Thomas J. Watson Research Center, IBM Corporation, Yorktown Heigkzs, 
New York., 

Applied problems with a great many columns or a great many rows can often be 
dealt with by decomposition-like methods if the rows or columns have a systema-ie 
origin. Application to production planning and network design will be discussed 
in which the columns are produced by dynamic programming, network flow calei- 
lations, ete. 


C-3.4 Delayed Data Generation: Experience and Prospects, Ricuarp H. 

Cops, Mathematica, Princeton, New Jersey. 

Many special methods of solving mathematical programming problems all using 
the simplex method have been devised since 1958 to handle large problems. All 
these methods generate the necessary data only if it is required. All these sp- 
proaches can be grouped into one class and called delayed data generation methods 
as summarized by Michel Balinski. The paper will survey computational experi- 
ence with delayed data generation methods. This will include experience with 
Dantzig-Wolfe decomposition (with several types of subproblems), integer pro- 
gramming, stock cutting, and job lot scheduling problems. Observations will oe 
summarized and lead naturally into a statement of the guiding concepts that should 
be applied in designing the next generation mathematical programming codes. 


C-3.5 Finding Permutation Operations to Produce a Large Triangular 
Sub-Matrix, J. C. Dickson, Bonner & Moore Associates, Inc., 500 Jefferscn, 
Houston, Texas. 

When computing the product form of the inverse of a sparse matrix, the sequence 
of pivots selected for the calculations can have a marked effect on the number of 
non-zero elements in the inverse. If the permutations required to produce a larze 
triangular sub-matrix are known, this information can be used to produce sn 
inverse in product form which is very sparse. This paper describe’ a procedure 
for determining the permutations which would produce a large triangular sub- 
matrix. It has been successfully implemented in the UNIVAC 1107 LP2 system. 
The procedure described has several interesting features: (1) examination of the 
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matrix proceeds column by column, (2) only three passes through the matrix are 
required, although four passes have proved beneficial in some cases, and (3) the 
matrix does not have to be square. The last feature is particularly advantageous 
when an inversion is being performed as part of a CRASH operation in linear pro- 
gramming. Results on several problems are presented to illustrate the effective- 
ness of the technique on different problem types. 


C-3.6 Large Scale Nonlinear Programming, ANTHONY V. Fiacco, Research 
Analysis Corporation, McLean, Virginia, and Northwestern University, Evanston, 
Illinois, and Garta P. McCormick and W. CHARLES MYLANDER, nr, Research 
Analysis Corporation, McLean, Virginia. 

For the general nonlinear programming problem (nonlinear constraints, non- 
linear objective functions) the difficulty of obtaining a solution is controlled by n, 
the number of problem variables. This is in contrast to linear programming (where 
non-negativity requirements are always assumed) where m, the number of non- 
trivial constraints, determines the size of problems that can be handled and their 
speed of solution. This paper outlines in detail modifications to the Sequential 
Unconstrained Minimization Technique (SUMT) [MANAGEMENT SCIENCE, 
Vol. 10, No. 2, January 1964, pp. 360-366] for nonlinear programming which expand 
the size of problems that it can solve to the limitations imposed by the special case 
algorithms devised for them. In particular, the special cases of mathematical 
programming, i.e., linear programming, separable programming, *factorable" pro- 
gramming, and nonlinear partitioned programming will be described. Examples, 
and the implementation on & large buffered computer system will be discussed. 


C-3.7 Some Special P-Models in Chance-Constrained Programming, A. 

Caarnes, Northwestern University, Evanston, Illinois, and M. J. L. KIRBY, Re- 

. search Analysis Corporation, McLean, Virginia. 

This paper is concerned with the complications engendered by the imposition of 
the nonlinear P-functional (in the terminology of Charnes and Cooper) instead of 
the H-functional in chance-constrained programming. Various modifications of 
the standard chance-constraints are also studied. The work focuses on special 
structures called “triangular P-models” and develops characteristics of optimal 
decision rules. 


D-1.1 The Hopefulness Syndrome and Long-Range Planning, Brrnarp N. 
Samers, Management Research and Consulting Division, Dunlap and Associates, 
Inc., 123 High Ridge Road, Stamford, Connecticut 06905. 

There has been in recent years increasing application of management science to 
the planning process. Most of these applications can be characterized as deter- 
mjnistic or “stochastically stable.” The real world, however, is, in man’s experience, 
an unstable environment; and the manager is faced with decisions, not under un- 
certainty (stochastic risk), but under “cataclysmic” change. The wishful thinking 
that is concomitant with planning for a stable environment might be characterized 
as the “hopefulness syndrome." This paper attempts to describe how planning 
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should be accomplished in the face of instability. It discusses the fundamental 
purposes, functions, and characteristics of the planning process; highlights tke 
weakness of the ordinary stochastic planning processes, such as PERT, decisian 
trees, etc.; and suggests a complete recasting of the planning process which utilizes 
management science in management-oriented terms. 


D-1.2 The Metropolitan Data Center—A Key Tool for Local Planning, 
Rozsert L. WEGNER, SR., Tulsa Metropolitan Area Planning Commission, 669 
Kennedy Building, Tulsa, Oklahoma 74108. 

A continuing comprehensive planning process in local government requires fre- 
quent and often extensive manipulation of large masses of detailed data. To meet 
this problem local planning agencies are beginning to employ OR, computer tech- 
nology and systems analysis. One of the most comprehensive efforts to develop 
an effective system for planning data management has been the Metropolitan Data 
Center (MDC) Project. In this recently completed study five city and metro- 
politan agencies cooperated with the Urban Renewal Administration in developing, 
testing and evaluating a centralized data system for collection, storage and retrieval 
of general planning data, These systems are now operational in Denver and Tulss. 
A separate special system, also operational, was developed in Wichita to hei» 
determine capital improvement project priorities. Problems encountered and 
guidelines derived from this study can assist others develop similar systems and also 
indicate where further effort is needed. To help urban and metropolitan planners 
develop workable data systems, the American Institute of Planners has established 
a Committee on Information Systems. This committee has inventoried both dau 
retrieval and bibliographic retrieval systems now being developed or used by 
planners. The committee is enlisting the cooperation and assistance of specialiszs 
in OR and other fields to develop new tools for local planning. 


D-13 Application of Heuristic Gaming to Urban Problems, Ricsarp D. 
Duke, and Barton R. Burxaarrer, Institute for Community eck 
Michigan State University, Lansing, Michigan. 

Computer simulations have been applied with increasing frequency in recent 
years to a wide variety of urban problems, most notably for the land use and trans- 
portation elements of comprehensive plans. The increasing elegance and sophisti- 
cation of these simulations has tended to widen the communications gap between 
the technicians who develop them, and the non-technically oriented decision makers 
for whom their output is intended. Heuristic gaming, a technique which had irs 
origins in early war gaming efforts, is a possible device for overcoming this barrier. 
Designed as a man-machine communications linkage, heuristic games are a con- 
venient flexible technique which have the capacity to demonstrate to appropriate 
human decision makers the consequences of alternative decision change on metrc- 
politan growth patterns through the use of a simulated, abstracted environmen}, 
employ a reduction of time span and dynamic interplay of current decisions with 
fixed policies. They are designed to: (1) illustrate the kinds of information whica 
are available to decision makers, (2) inform the decision makers about the teck- 
niques which are available to evaluate and implement decisions, and (3) provice 
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information concerning the implications for urban development which are associated 
with alternative courses of action. 


D-1.4 Transit Service Optimization, Rosurt S. Scorr, New York State Office 
of Transportation, Boz 7028, Albany, New York, and CuAnugs R. Guinn, Bureau 
of Planning, New York State Department of Public Works, State Campus, Albany, 
New York. 

A technique has been developed to select an optimum route structure and schedule 
for both peak and off-peak time periods to meet selected objectives. Examples of 
such objectives are maximization of profit, maximization of usage, and maximiza- 
tion of non-subsidy service. "The technique utilizes an operational computer pro- 
gram for optimizing integer linear programming problems. Inputs to the computer 
program include those derived from a modal-split model developed by C. R. Guinn 
over the past two years. Utilizing these inputs along with a suitable set of restramt 
equations, the program is able to optimize sueh functions as transit service, transit 
usage, or transit service with a specified amount of subsidy and to predict future 
transit usage resulting from proposed transit improvements. This technique is 
used to evaluate existing transit systems and plan new systems by comparing the 
existing or proposed system with the optimum system. One specific use of technique 
is to determine the true cost of various transit policies. For example, cost of pro- 
viding a minimum level of transit service in a specific section of the urban area is 
determined. This information gives the policy maker a greater insight into the 
merits of a specific transit policy. Responsible use of this technique should remove 
some of the emotions which cloud the evaluation of a balanced urban transportation 
system. 


D-1.5 Planning for Optimal Water Resource Development, CHARLES S. 
BEIGHTLER, and WILBUR L. Mutmr, College of Engineering, The University of 
Texas, Austin, Texas 78712. 

This paper discusses the applications of recently developed analytical techniques 
to the problem of planning for optimal water resource development. An optimal 
plan with regard to the size and location of proposed reservoirs is that physical 
configuration which provides the greatest net economic benefit to the people of the 
region while meeting anticipated future water needs. Optimizing a water resource 
system is not an easy task, since the output from each reservoir provides an input 
to all downstream reservoirs, and the streams themselves form branched inputs to 
one another. In the present study, algorithms are used to decompose the branched 
system into equivalent serial systems which are then amenable to analysis by the 
serial optimization techniques of dynamic programming. Since water is a limited 
resource, and our population is expanding rapidly, this planning represents a vital 
problem of immense proportions; Texas will spend several billion dollars on reservoir 
epnstruetion in the next two decades. Development decisions of this type are 
made largely by subjective means at the present time, and there is little uniformity 
in reservoir planning. The interaction analyses presented in this paper provide 
methods of solution to water development problems which allow for uniform and 
objeetive decisions. 
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D-1.6 Municipal Planning for Wartime Emergencies, Water D. Woop anc 
Rozert J. FLANAGAN, The Dikewood Corporation, Albuquerque, New Mexico. 
Federally furnished information can be used as guidance for municipal planning 

to counter effects of nuclear attacks. Analysis methods for deriving individualizec 

plans for emergency operations are discussed. Vulnerability reduction using pre- 
pared and improvised shelter and population movement are compared and problems 
presented by fire and fallout are described. 


D-1.7 A Cost-Effectiveness Computer Procedure for Optimum Allocation 
of Fallout Shelter System Funds Under Uniform or Variable Risk As- 
sumptions. EDGAR A. Parsons and FLoyp M. Guess, Research Triangle Insti- 
tute, Post Office Box 490, Durham, North Carolina. 

A model has been developed to assist Office of Civil Defense research staff anc 
planners in evaluating expenditure policies and procedures for implementing & 
national fallout shelter program. The model has been programmed for a CDC 
3600 computer in such manner as to facilitate computations using different param- 
eters. The objective of the computer model is to allocate Civil Defense funds 
to areas of the nation (e.g., states, counties, and smaller areas such as census tracts) 
in a manner which will provide maximum protection for the population against th2 
radiological environment caused by nuclear attack. The allocation takes into 
account the fallout shelter needs of each area as determined from an estimate ci 
the risk in each area and the existing protection against fallout. Given a set cf 
identified options and costs for satisfying these shelter needs, an assumed sum, c> 
preparedness budget may be allocated among areas in a manner which maximizes 
a measure of effectiveness such as survivors added or casualties avoided for thet 
specific fund of money. 


D-2.1 CPM-PERT Scheduling for a Large Industrial Project, C. K. JH, 
Scientific Management Services, Lester B. Knight and Associates, Inc., 549 W. 
Randolph, Chicago, Illinois 60606. 

The Critical Path Method though simple in concept becomes exceedingly difficul 
in application. This is particularly true in a civilian project where the compliance 
with the requirements of CPM scheduling by contractors is rather loose. The 
burden falls on the CPM planner who must not only develop a realistic network, 
but must also be able to educate, sell his ideas, be flexible and insist on compliance 
where necessary. Such heavy tasks can be successfully performed only througa 
generation of realistic control reports. A simulation model to learn problems cf 
generating various control reports for controlling a multi-million industrial plant 
where the number of activities is expected to exceed 20,000 was constructed and 
tested. Based on the valuable experiences gained, the standard PERT-Cost Prc- 
gram is currently modified to suit the specific control requirements. The project 
is currently being controlled from design phase to construction phase by CPM 
scheduling. š 


D-2.2 Evaluation of R &D Projects Using Network Planning Techniques, 
Cou. I. Jacos, Military P.O. Box 2154, Tel-Aviv, Israel. 
In the evaluation of a military R&D project in the early definition stages, three 
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parameters are in consideration: performance, cost, and time. Evaluation of ex- 
pected cost and lead time of the project can be based on PERT techniques, while 
there is no known formal method to incorporate the third parameter, performance, 
into the evaluation process. The paper describes a method for such an evaluation 
in the following manner: (1) breaking down a proposed project into attributes, 
and defining the influence of each attribute on the performance of the final product, 
(2) elimination of unfeasible and unfavorable performance outcomes using a sys- 
tematic process, (8) building time and cost CPM networks related to each per- 
formance level, (4) processing the above, using the CPM algorithm, getting Time- 
Cost curves for each performance level (‘‘Performance Maps”), and (5) the decision 
maker, by choosing any point on the performance map, defines explicitly his choice 
for quality, cost, and lead time of a project. Choosing different performance 
levels and relating to each its Time-Cost curve is programmed on a computer. A 
PERT-like input is fed in, with some additional information, and upon processing 
one gets the “Performance Map”. The method was initiated in a M.Sc. thesis by 
the author in the M.I.T. Sloan School in 1963, and was tried and improved in 
work done later on. The paper describes the method, its usefulness and limita- 
tions. ` 


D-2.3 Application of PERT to Financial Month-End Closing Procedures, 
Cart A. Patio, Anaconda Aluminum Company, P. O. Box 1654, Louisville, 
Kentucky 40201. 

An account is given of the application of the PERT-Time technique to a cor- 
porate month-end closing procedure. The network includes all financial sections 
and includes sub-networks for scheduling the functions associated with data 
processing. Total closing time was reduced from 16 to 8 days. 


D-2.4 Using PERT-CPM as an Aid in Planning and Managing New and 
Complex Medical and Surgical Procedures, Jonn M. Lone, WILLIAM J. 
FrANIGAN, and MASUKI Hara, University of Arkansas Medical Center, 4801 West 
Markham Street, Little Rock, Arkansas. 

Many of the newer modalities of medical treatment are quite complex involving 
several parallel activities, requiring close coordination of many people and fairly 
precise timing. It would appear that computerized planning and management 
techniques would be helpful in planning for these new and complex procedures 
such as organ transplants and open heart surgery. This is especially true in plan- 
ning and preparation for the first application of a new type of surgery. The authors 
have attempted to evaluate PERT-CPM to ascertain whether this technique would 
be useful. The technique has been applied to renal (kidney) transplantation. 
The results of the PERT-CPM schedule are compared to the operational procedure 
developed by experience. The results suggest that PERT-CPM may be useful in 
future planning of new medical and surgical techniques. : 


D-2.5 The Voluntary Application of PERT in a Commercial Research and 
Engineering Development Program, M. Potomoscanix, Current Planning 
Department, Xerox Research and Engineering Center, Webster, New York. 
PERT is normally applied in government programs, but Xerox Research and 
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Engineering has voluntarily adopted PERT in what is currently the Company's 
most important commercial program—design and development of the new Xerax 
2400. The history and use of PERT at the operating levels are described, from tke 
initial machine design, through the engineering and prototype models, through the 
completion of the engineering drawing stage, even to the “downstream?” plannirg 
activities. Included is a discussion on the training of operating personnel, imple- 
mentation of PERT techniques, and the role played by the support organization. 
In addition to the use of PERT in the 2400 program, Xerox applies the techniqre 
to several other non-governmental programs, including one in which Telex is used 
for what is probably one of the first attempts at intercontinental transmission of 
PERT information. 


D-2.6 Critical Path Scheduling: Tableau Method, James L. Rices ard 
Mricwast S. Inoun, Department of Mechanical and Industrial Engineering, Oregen 
State University, Corvallis, Oregon 07331. 

C.P.S. Tableau Method is a practical technique associated with a Table-Matrix 
format which may contain all information necessary to compute time schedule ard 
to construct various graphical representations for critical path analysis, such as: 
arrow network, bar chart, time chart, and manpower diagram (a useful tool for 
resource allocation). The Tableau algorithm is totally activity-oriented and re- 
quires no numbering of nodes or preliminary plotting of sequential relationships 
in graphical form, For example, it is no longer necessary to draw a graphical net- 
work to determine critical paths or any other path that may be of interest. Though 
the Tableau Method could generate ‘Free Float," a more useful “Independent 
Float" is found for each activity in addition to its “Total Float.” C.P.S. Tablecu 
has been found to provide more efficient algorithm for computer program ov=r 
traditional programs by eliminating the need for node numbering. As a manual 
method, it can also serve as a compact historical record as well as a conventional 
planning tool. The applications of Tableau can further be extended to assist in 
allocating equipment, leveling manpower assignment, and to find time-cost curve 
by means of a Dual Network. Simple Dynamic Programming problems such zs 
the “Travelling Salesman Problem” may also be solved by means of this Tablean. 


D-2.7 Project Cost Curves, Some Equivalent Graph Theorems, V. K. HANDA, 
Department of Civil Engineering, University of Waterloo, Waterloo, Ontario, Canada. 
To provide a better understanding of the process of determining project cast 

curves for CPM networks, further linear graph theorems are presented. When 

applied to equivalent linear graphs of CPM networks, it is possible to obtain the 
project cost curve without the aid of a computer, in the case of medium sized 
projects. 


D-2.8 Optimal Resource Allocation in Activity Networks, P. M. Guara, 
Industrial Engineering, Texas Technological College, Lubbock, Texas. 
This paper describes an activity network model based on the assumption that tke 
duration of an activity can be controlled by the modification of resources allocated 
to the activity. This was achieved by expressing the two principal variables (tte 
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resource allocation for an activity and the time required for its completion) as 
the through variable and the across variable of the system, respectively. Having 
defined the through and across variables of the network, the techniques of system 
theory are used to express the network relations in a minimum number of equations. 
These equations are then used to optimize the allocation of limited resources be- 
tween alternative activities with the objective of minimizing the total time required 
for the execution of the project. An algorithm based on this model is also described 
which enables the transformation of a problem of resource allocation into a mathe- 
matical programming problem. It was shown that by considering the duration of 
an activity as a variable under the control of management, an enlarged activity 
network model can be developed. This model can be used to optimize the alloca- 
tion of scarce resources among competing activities of a project. The use of the 
algorithm presented was also shown to be feasible in determining the resource 
allocation policy. In addition, it is concluded that the concept of management 
control of activity duration enhances the usefulness of activity planning models. 
° 


D-2.9 PERT: Problems to Resolve, H. O. HARTLEY and A. W. WORTHAM, 

Institute of Statistics, Texas A&M University, College Station, Texas. 

PERT and Critical Path techniques are enjoying exceptionally broad application 
in industrial and military activities. These techniques and their application have 
without doubt contributed significantly to better planning, cohtrol, and general 
organization of many programs. It has been noted, however, that the paths 
selected as critical by these techniques are sometimes not critical and that times 
determined for project completion are generally optimistic. In this paper these 
deficiencies are assessed, their magnitudes estimated and corrected. Both analytic 
theory and numerical analysis are used to achieve this but in certain situations 
approximate evaluations by Monte Carlo have to be made. Moreover, a new 
classification of PERT networks is presented along with two methods of analysis 
which do not have the deficiencies noted above. The classification system de- 
lineates clearly between ‘uncrossed’, ‘crossed’, and ‘mixed networks’. 


D-3.1 A Cost Sensitivity Analysis of Major Design Characteristics of 
GHOST and SCOMO Meteorological Systems, Ropert M. CARLISLE, 
Systems Analysis Department, Bendix Systems Division, Ann Arbor, Michigan. 
An analysis is made of the sensitivity of system costs to changes in design and 

operational characteristics of a satellite system designed to relay data from: (1) a 

global network of free-floating meteorological balloons (GHOST), and/or (2) a net- 

work of sea and land based meteorological stations (SCOMO). The data would be 
relayed in a timely manner from satellites to ground read-out stations and, in turn, 
to a central data processing station for analysis and dissemination. Total system 
costs were developed for each system design alternative. Included in these costs 
were research and development, initial investment, and annual operating costs. 

When total system costs are derived as a function of major system design variables, 

a determination is made of those design parameters to which system costs are most 

sensitive. Those design characteristics which have the most significant effect on 

system costs are: (1) the balloon replacement rate in the GHOST system, (2) the 
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reliability of the satellites, and (3) the unit production cost of the balloon anc 
balloon electronics, which is treated as a variable in view of the rapidly changing 
state-of-the-art in the electronics and power supply system. Recommendations 
are set forth for determining those design and operational characteristics which 
serve to minimize total costs for both the GHOST (Global Horizontal Sounding 
Technique) and SCOMO (Satellite Collection of Meteorological Observations) 
systems. The ultimate desirability of acquiring and operating such systems is 
explored by comparing the costs of the systems with the possible economic and 
social benefits to be derived from a better understanding of meteorological phe- 
nomena and the availability of more accurate and timely meteorological informe- 
tion. 


D-3.2 Rating of Race Horses’ Performance, RoBERT A. Porter, Spindletop 

Research, Inc., Lexington, Kentucky 40506. 

The “profit” in breeding thoroughbred horses is to produce good performance oa 
the race track, Objective studies of breeding theories require quantitative evalus- 
tion of this performance, A technique is developed for obtaining numerical ratings 
of race horses based on actual performances in races, with the biases due to differert 
weights, different post positions, and different caliber of competition removec. 
Other uses of the ratings are also discussed. 


D-3.3 Generalized Models for Allocating Demographically -Dependent 
Manpower Resources, Jacop A. Witt1ams and WILLIAM L. Moog, Social 
Security Administration, Department of Health, Education, and Welfare, Baltimore, 
Maryland 21286. 

Workload inputs to the district office complex of the Social Security Administre- 
tion consist of many different types of claims for benefits filed under the variovs 
amendments to the Social Security Act. The incidence of particular types of 
claims at any office is dependent on the local demographic composition. The work 
loading is then dependent on the mixture of cases since processing time and com- 
plexity varies with each type of case. This paper discusses the basic structure uf 
idealized models which relate age-cohort concentrations to workload volume and 
subsequently to manpower requirements. The idealized models will consider tbe 
following problem aspects: (1) steady-state and dynamic input-output, and (8 
population-workload correlates. Finally, a practical model design is proposed thet 
is an integration of historical workload curves and demographic techniques. Devia- 
tions from the idealized structure are analyzed. 


D-3.4 An Application of Inventory Methods to Evaluate Staffing Levels 
of Professional Personnel, SYLVAN Hack and Francis ICHNIOWSKI, Socicl 
Security Administration, Department of Health, Education, and Welfare, Baltimore, 
Maryland 21236. 

A particular type of staffing problem is analyzed from the viewpoint of inventory 
methods. Use is made of several types of inventory models in an attempt to set 
the best staffing level, to establish measures of sensitivity, and to evaluate ongoirg 
organizations. Redefinitions of measurements are made to allow the inventory 
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approach. Charts are plotted to picture actual systems and the inventory models, 
and to demonstrate the effects of varying conditions on the systems. The methods 
employed are both analytic and simulative. The problem of particular interest is 
that of a varying, but reasonably predictable, workload to be handled by a constant- 
size work group. Overtime is allowable depending on costs and human factors. 
The level of the work backlog must be sub-optimized, subject to minimization of 
the variance of the backlog and the constraint of processing individual work units 
on a FIFO basis. A further consideration in this study is the determination of an 
indicator as to “when” and by “how much” with regard to use of overtime work. 


D-3.5 Some or Uses of Binomial and Poisson Probability Distributions, 
Joan E. Warsn, System Development Corporation, 2500 Colorado Avenue, Santa 
Monica, California 90406. 

A number of operations research problems can be stated so that a sum of amounts 
of “worth” is of interest. Here, the occurrence or nonoccurrence of each of the 
amounts is determined by a random binomial event and these events are inde- 
pendent. By suitable development of the binomial events, the situation can often 
be such that the same amount is associated with each event. However, the prob- 
abilities of, say, occurrence are not necessarily even approximately equal. If these 
probabilities do not differ substantially, the distribution for the sum of worths can 
be approximated by a binomial distribution plus a correction term. Here, the 
“probability” of occurrence for the binomial distribution is the arithmetic average 
of these probabilities for the binomial events. A normal approximation can often 
be used when the number of events is large and this average probability is not near 
zero or unity. A Poisson approximation can frequently be used if the number of 
events is large and the average probability is known to be near zero or unity. The 
Poisson approximation is also usable for some situations where the random binomial 
events can be mildly dependent. These approximations can be very convenient 
for treating these problems. 


D-3.6 Mean Value Estimation from Digital Computer Simulation, A. V. 
GaraRIAN and C. J. ANcKER, JR., System Development Corporation, Santa Monica, 
California. 

Terminating and non-terminating stochastic processes are studied. If digital 
simulation is used, either a time-slicing or an event-sequencing technique may be 
used to obtain an estimate of some measure (mean value in our case) of system 
performance. We consider the variance of the estimate to be the basic measure 
for determining the goodness of the estimate. Three points are examined: (1) un- 
biasedness of the estimate, (2) efficiency of the estimate, and (8) variance reduction 
techniques. For the non-terminating case a large class of steady state processes 
having a negative exponential covariance function is studied and curves and specific 
examples are«derived. Replication is shown to be generally superior to increasing 
the length of a run. For the terminating case, a general expression for efficiency 
is derived and again replication is shown to be the superior variance reduction 
technique. All results are equally valid for discrete or continuous processes. 
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D-3.7 An Investigation of Decision Systems for a Complex Managemert 
Game, Rosert B. DzesJarpins, School of Business Administration, University 
of North Carolina, Chapel Hill, North Carolina. 

The management game which was used in this study consists of two distinct, 
parts: the simulation of a complex economic environment and the simulation of a 
decision system for making the 200-300 decisions which are required for playing 
the game. The simulation of the economic environment was patterned after the 
Mark I version of the Carnegie Tech Management Game. However, the program 
was written so that the game would accept decisions from an external source, an 
internal decision-making policy, or any combination of external and internal inputs. 
The internal decision-making policy is a heuristic program which makes its decisiors 
entirely on the basis of the information that is available to students when they 
play the game. The decision program operates at three levels: a policy formulation 
level, a controlling level, and an operational-decision level. The program includes 
& set of *management parameters" which are initially set by the experimenter but 
are modified by the decision program to adapt the policy to changing environmental 
conditions. Several versions of the policy program will be discussed and the resulzs 
of using these programs for 5-10 year simulations will be presented. 


D-3.8 Decision Networks: A Methodology for Evaluating the Future Pay- 
offs from Technology Development Programs, Caaries W. FOREMAN ard 
Frank P. Mertes, JR., Analytic Services Inc., 6618 Leesburg Pike, Falls Churc3, 
Virginia 22041. 

Technical uncertainties and present values of future costs and payoffs should Le 
explicitly considered when assessing how profitable a technology development 
program would be, if initiated. The methodology described in this paper does this 
by displaying in decision network form the various courses of action open to a 
decision maker and by incorporating estimates of probable technical successes m 
calculations of the present value of each choice. To demonstrate, the paper ds- 
scribes the results of an illustrative study in which several technological possibilities, 
each of which could lead to the development of an advanced launch vehicle in tLe 
TITAN III-C payload class, were examined. The study results are compared to 
results obtained from previous published analyses of the same problem. And whre 
the cost and time estimates used in each were identical, the comparison shows that 
the inclusion of technical uncertainties and the use of present values of future cos:s 
and payoffs shift the break-even point from 100 to 250 cumulative launches. 


D-3.9 Optimal Information Flow In An Organization, SANT R. ARORA, 
Mechanical Engineering Department, University of Minnesota, Minneapolis, 
Minnesota. 

For any healthy organization it is essential to have a good information flow within 
the organization. This paper is an outgrowth of an attempt to construct a theo- 
retical framework which is suitable for studying problems dealing with the design 
of information flow networks. An organization is regarded as a Multi-Staticn 
control unit. A decision regarding a control parameter at any station is a functicn 
of the information fed to the station and these parameters in general affect the tra- 
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jectory of the objective function of the organization. Effects of rate of information 
flow and of time lag are studied. The case of a multi-item inventory system with 
several warehouses is given as an example. 


D-3.10 Simulation: A Decision Device for Resource Allocation, A. P. 
Frppersen and W. D. O’Grapy, Autonetics, 8870 Miraloma Avenue, Anaheim, 
California. 

The objective of a study recently completed in this area was the analysis of an 
electronic system assembly and test area comprised of a variety of automatic test 
consoles. The basic function of this test area included both the production and 
maintenance of electronic systems. More specifically, the purpose of the study 
was to determine the minimal requirements for personnel and equipment necessary 
to sustain a given system production rate. In this study, all physical attributes 
and features of the test and assembly area were described and put into the computer 
along with other data such as failure rates, expected rate of arrival of electronic 
systems, time sharing of test consoles, recycling of failed systems, work schedules, 
etc. The package of computer programs then simulated the operation of the test 
and assembly area for various intervals of time. Computer outputs provided: 
(1) indications of queues, (2) utilization of the various automatic test consoles, 
and (8) indications of excess manpower, indicating where problem areas existed. 
Data changes, easily initiated, were then determined on the basis of the results and 
the simulation repeated to discover improvements in the production line. The 
end result of the study was recommendations to Management for corrective meas- 
ures and automatic test equipment purchase. It is realized that simulation on a 
large scale computer is not a panacea for the problem of resource allocation; how- 
ever, simulation techniques are rapidly gaining prominence as one of the major 
tools to support the decision processes in a complicated technological society. 


D-4.1 The Zero One Problem, Harvey Grass, Washington University, Depart- 
ment of Applied Mathematics and Computer Sciences, School of Engineering and 
Applied Science, Saint Louis, Missouri 63130. 

The zero-one integer linear programming problem may be described as a linear 
programming problem with the additional restriction that the independent variables 
may assume only the values zero or one. The application of dynamic programming 
to this problem is in some respects attractive. The discrete nature of the variables 
is a distinct advantage and the linearity of the problem insures that we require 
only the operations of addition and subtraction for computation. The difficulty 
lies in the storage needed for the dynamic programming formulation. Storage 
requirements grow exponentially with the number of constraints of the zero-one 
problem and problems of even moderate size become impractical on even the largest 
machines. The proposed algorithm is designed to trade additional computation 
time for a reduction in storage requirements. The procedure is to solve several 
sfhaller dynamic programming problems in such a way that the solution to our 
original problem may be calculated in a finite number of steps. With this method 
storage requirements grow linearly with the number of constraints. The efficiency 
of the proposed method has yet to be explored for large problems but as new hard- 
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ware is developed allowing us access to large memory at near core speeds, the new 
algorithm should enable us to solve problems heretofore impossible. 


D-4.2 An Algorithm for Integer Linear Programming, ROBERT A. Cook and 
Leon Coorer, Department of Applied Mathematics and Computer Sciences, 
Washington University, St. Louis, Missouri 68180. 

At the present time, the only available practical techniques for solving intege- 
linear programming problems are those of Gomory. The authors have developed 
an algorithm which is fundamentally different. It is based on the idea of solving 
as a linear diophantine equation a constraint equation which is parallel to the objec- 
tive function hyperplane, and then ascertaining if the original constraints and the 
diophantine equation have a common lattice point solution. Finding such a lattice 
point is equivalent to solving a set of linear inequalities for an integer solutior. 
Methods for finding such a solution are discussed, and computational experience 
with the algorithm is presented. 


D-4.3 Practical Methods in Integer Linear Programming, C. A. TRAUTE, 
JR., and R. E. WoorsEy, Computer Mathematics Division Sandia Laboratorg, 
Albuquerque, New Mexico. 

This paper pertains, as the title implies, to the practical aspects of integer linear 
programming. As such, it deals only with known integer linear programming 
algorithms which have already been coded, or which, in the authors’ opinions can 
be coded in a reasonable way. The object is to point out both the practical advar- 
tages and limitations of these algorithms as well as the availability of certain com- 
puter programs based upon them. 


D-4.4 Operational Experience With a Mixed Integer Algorithm, NORMAN J. 
DRIEBEEK, Arthur D. Little, Inc., Acorn Park, Cambridge, Massachusetts. 
Operational experience with a branch and bound mixed integer algorithm is dis- 

cussed. The algorithm has been incorporated as a post optimal agendum in 3 
computer codes. All problems submitted to these codes have produced feasible 
mixed integer solutions. Problems with up to 20 integer variables have been 
solved with proof of convergence onto the optimum mixed integer solution. Larger 
problems have produced valid mixed integer solutions, but proof that these solu- 
tions were optimum could only have been established with large expenditures cf 
computer time. 


D-4.5 Solution of Problems by the Method of Steepest Descent, K. E. Gur, 
D. S. Haavz and E. E. Mason, McDonnell Automation Center, P.O. Box 512, 
St. Louts, Missourt 63166. 

The Method of Steepest Descent is applied to the problem of optimal staging cf 
processes governed by ordinary first order non-linear differential equations. New 
methods of handling inequality constraints and weighting functions pre includet. 
The program is capable of simultaneously handling up to fifteen state variables, sx 
control variables, and ten terminal conditions. Discontinuities may exist in both 
the state variables and their derivatives. The program was developed for flight 
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path studies, but is readily extended to cover problems in other fields by replace- 
ment of the basic differential equations. Examples of the application of the method 
to flight path optimization problems and to chemical reactor optimization problems 
are presented. The computer program used to obtain these solutions is described, 
and a discussion of some techniques used to ensure convergence to the desired 
extremal is included. A brief discussion of the problem of dimensionality and the 
related topic of weighting functions is also presented. 


D-4.6 On Solving Calculus of Variations Problems with Constraints Using 
Gradient Techniques, P. L. ODELL and James Mxzgk, The University of Texas, 
Austin, Texas. 

Bryson, A. E. and Denham, W. F. in their paper “A Steepest-Ascent Method for 
Solving Optimum Programming Problems,” Jour. of Appl. Mech., June 1962, have 
formulated a technique for solving calculus of variations problems with terminal 
constraints. They and others have applied the technique with success to problems 
in aerodynamics. It is the aim of this paper to: (1) formulate several classical 
ealeulus of variations problems so that the Bryson-Denham technique is applicable, 
(2) diseuss methods which allow the technique to be used when other than terminal 
constraints are imposed, (3) report empirical results concerning convergence proper- 
ties of the technique, and (4) give rules for determining various weighting matrices 
basie to the technique. 


D-4.7 Electric Utility Application of Linear Programming with Variable 
Cost Algorithm, Josers K. Furst, Operations Analysis Section, Philadelphia 
Electric Company, 1000 Chestnut Street, Philadelphia, Pennsylvania. 

One of the major costs in the operation of an electric utility is the cost of con- 
struction of service buildings to house the men and equipment necessary for con- 
struction and repairing of electric transmission and distribution lines. A question 
arises as to the determination of the most economical number, size, and location of 
buildings in an area serviced by the utility. The answer must be such that a bal- 
ance is achieved between the costs associated with: (1) the number and size of 
buildings, and (2) the travel time to and from work sites. The size of any building, 
and thus its cost, is dependent upon the number of line crews assigned to it. Be- 
cause of the non-linear relationship between building costs and building size, an 
algorithm must be added to the existing linear programming code so that during 
the iterative process of the solution the building costs will vary in accordance with 
the number of crews assigned. The use of linear programming with this new 
algorithm results in a practical solution which shows the optimum number, size, 
location, and area to be served by each building. 


D-4.8 An Application of Linear Programming to the Optimization of 
Materiel Airlifts, S. P. GiNpER, Dunlap and Associates, Inc., 1050 81st Street, 
N.W., Washington, D.C. 20007. 
The technique discussed in this paper was developed by the author while working 
on the Headquarters, USAF Command Control System (473-L). Specifically, the 
model addresses the problem of optimizing the strategic airlift reallocation of pre- 
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positioned materiel to minimize time required in adjusting resource posture to meet 
new logistic requirements. The model used is an adaptation of the Transportaticn 
Algorithm to reflect aircraft performance over multi-leg flight routes. Direct 
measurement of the time required to airlift a given cargo is not as tractable as it 
initially appears to be. Reallocation of materiel by airlift introduces the uniqve 
considerations of aircraft performance. The cargo load an aircraft can carry is » 
function of the non-stop distance it must fly. Further, the time required to trans- 
port a given load over a given distance is a function of the flying speed of the ai-- 
craft. The problem has massive information processing and computational require- 
ments which require digital computer application for practical solutions. Although 
the model was developed for military logistics management, it also has commercizl] 
application. 


D-4.9 The Process Concept as a Basis for Simulation Modelling, Patricx 
BruNpEN and Howarp S. Krasnow, [BM Advanced Systems Development Dirvi- 
ston, 2651 Strang Boulevard, Yorktown Heights, New York 10598. 

Corporate modelling requires the formal representation of complex, dynamic 
organizations. Simulation systems to aid model development in this context are 
usually based upon primitive building blocks (modules) which permit the user zo 
develop models of arbitrary complexity. This paper discusses the role of the 
process—an independent element displaying status and behavior—as the basic unit 
in model formulation and in the construction of simulation experiments. The 
modelling of both economie systems and industrial operations is considered. The 
relationship of the process approach to difference equation and discrete entity/ 
event techniques is examined, together with implications for computer simulaticn 
and requirements for & process-based programming system. 


Society Affairs 


THE ORSA COUNCIL MEETING 


The 'Twenty-Seventh Meeting of the Council of the Operations Research Society 
of America convened at 6:10 PM on 5 May 1965 in Parlor C of the Statler-Hilton 
Hotel, Boston, Massachusetts, with GEorcE SHorriey, Vice President, presiding. 
The following items are reported from the Minutes of that Meeting: 


FUTURE MEETINGS: 


No. Dates Location Chairman 


28 November 4-5, 1965 Houston JAMES À. BIRDWELL 
P. O. Box 8423 


Southmore Statione 
Houston, Texas 77004 

29 May 18-20, 1966 Los Angeles Jonn E. WALSH 
System Development Corp. 
2500 Colorado Avenue 
Santa Monica, Calif. 90406 

30 October 18-19, 1966 Chapel Hill GrorceE E. NICHOLSON, JR. 
Department of Statistics 
University of North Carolina 
Chapel Hill, N. C. 

31 May 31-June 2, 1967 New York GonpoN D. SHELLARD 

' - New York Life Insurance Co. 

51 Madison Avenue 
New York, N. Y. 10010 


32 Fall 1967 Chicago 
33 Spring 1968 San Francisco (Joint with TIMS) 
34 Fall 1968 Philadelphia 


ORSA MEMBERSHIP: As of 31 March 1965, there were 1590 Members, 2615 
Associate Members, and 372 Student Associate Members, for a total membership 
of 4,577. 

TIMS: A West Coast meeting for the Spring of 1968, sponsored jointly by ORSA 
and TIMS, was agreed to by the Council. The Fall Meeting 1965 will be held in 
Philadelphia chaired by Lee Rogin. 

AAAS: Representatives are Ellis A. Johnson and W. I. Cushen. 

SYSTEMS ENGINEERING CONFERENCE: The Society is co-sponsoring 
a Systems Engineering Conference at Case Institute of Technology on 18-19 Oc- 
tober 1965 with the Systems Science and Cybernetics Group (IEEE) on 20-23 
September 1965 in Chicago. 


SECTIONS: 


Transportation Science: A three day meeting is scheduled for New York with fifty 
papers to be presented. Proposed amendments to the By-Laws ef the Transporta- 
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tion Science Section will be approved upon approval of the membership of this 
Section. : 


Cost Effectiveness: Authorized at October 1964 Council Meeting the Section is co- 
sponsoring a 3-day symposium. 


Houston: Upon modification of the Section’s By-Laws to provide for notificatioa 
to the Section membership of the proposed slate of officers in sufficient time to 
allow for nomination by petition, if so desired, the Secretary was authorized to 
approve the Section. 


North Texas: The North Texas Section was approved subject to modification cf 
By-Laws. 


Military Applications: When the By-Laws conform to requirements, the Secretary 
was authorized to approve establishment of a Military Applications Section of ORSA. 


IFORS: Fourth International Conference on OR will be held 29 August through 
2 September, «1965. Representative is Hugh J. Miser. 

TREASURER: Retiring Treasurer John E. Walsh was accoladed for his service 
to the Society. 

APPOINTMENT OF 1965-1966 COMMITTEES: The following Committe: 
Chairmen were appointed by the President: 


Membership Committee Newton A. Ablahat 
Publications Committee Russell L. Ackoff 
Education Committee Charles D. Flagle 
Nominating Committee Paul L. Kingston 
Lanchester Prize Walter L. Deemer 
Meetings Committee David A. Katcher 
Sections Committee William J. Nemerever 
Ethics & Grievance George Shortley 


The Council passed a motion acknowledging the fine work accomplished by the 
committee chairmen, members of their committees, and other positions held fcr 
the past year. In particular they are: 

Education: B. Koopman, H. Wagner, R. Evans, C. Flagle, R. Howard, B. Saunders, 
R. Shephard, G. Symonds. 

Lanchester Prize Commitiee: A. Mood, W. Deemer, J. Moshman 

Meetings Committee: P. Stillson 

Membership Committee: N. Ablahat, K. More, K. Yarnold, P. Carlson, M. Ash. 

Nominating Commitiee: G. Brigham, L. Clark, J. Hetrick, P. Kingston, R. Shephard. 

Publications Committee: R. Machol, A. Charnes, E. Cushen, S. Gass, A. Marshall 

Sections Committee: R. Mirsky 

IAOR Editor: H. Galliher 

Representative to IFORS: H. Miser 

Editor, Bulletin of ORSA: V. C. Hare a 

Representatives to AAAS: R. Gerard, E. Johnson ° 


NEW MEMBERS: The Membership Committee reported its nominees for fuil 
Membership in the Society. A list of new Members elected is shown: 
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Elected Members at 27th National Meeting 


APEL, JAMES R. 
BALLASEYUS, ALBERT C. 
Bamrorp, Hanorp E. 
BaRrFELD, CHARLES I. 
BASILE, JonN P. 
BERKMAN, HERMAN G. 
BILLINGSLEY, James D. 
Buack, JAMES A. 
BorHMann, Jonn R. 
CALDEN, Louis 

Carr, CHARLES R. 
CERONE, JAMES R. 
Cuerkas, Barry M. 
Coss, JosgPH R. 
CoLoNNA, RoBERT A. 
Corcoran, THOMAS J. 
CRAWFORD, WILIAM T. 
CUMMINGS, WILLIAM J. 
DATZ, ISRAEL M. 
DanBLBAUS, FRANK J. 


DI ROCCAFERRERA, GIUSEPPE M. 


Dwyer, James T. 
FoGELSANGER, DONALD K. 
Fox, PETER D. 

Fricg, Roy K. 
FUKUDA, YoICHIRO 
Garcia, JUAN M. 
GARNEOLZ, Mavric H. 
GINDER, SAMUEL P. 
GOLDMAN, THomas A. 
HarrIN, Byron M. 
HARBAUGH, ALLAN W. 
Hz2EILENDAY, FRANK W. 
Henspaw, WILLIAM C. 
HOEKSTRA, DJoERD 
Horn, Hersert O. 
JACOBS JR., SIDNEY 
JEA, CHANDRA K. 
JOHNSON, THOMAS 
Jones, PauL E. 
EARAYALCIN, IBRAHIM, 1. 
KAYE, JOHN 
KENNERLEY, JOBN A. 
Kine, WirurAaM R. 


KLEINSTEUBER, G. WERNER 
LADERMAN, JACK 
LAUNDERS, GORDON A. 
Linp, BARBARA B. 
Linper, Rocer W. 
LIPSTEIN, BENJAMIN 
Locks, Joan W. 
McMicuart, Ropert W. 
MacKinnon, ALLEN J. 
MARTEL, ROBERT J. 
Marres, RICHARD J. 
Mesa, Donatp R. 
Mipuam, KpNNErTu D. 
Murer, Wam T. 
Muucan, RAYMOND W. ° 
Morean, Daze L. 
Morgan, JAMES I. 
Moss, Davip M. 
Nurs, MARCEL F. 
Norris, Rrogánp C. 
O'NzinL, DANIEL D. 
PALLO, CARL À. 
PAPANEK, WALTER J. 
Paxman, RrcHmanD G. 
Peace, Travis E. 
PETERS, STEFAN 
Porrock, STEPHEN M. 
Porrer, RosEnT L. 
RABE, FRED A. 

RATH, GUSTAVE J. 
Rios, G. Srxro 
SARDELLA, VINCENT 
ScHAFFER, Marvin B. 
SHARPE, TERRY H. 
SILVER, EDWARD A. 
Sarre, Monte G. 
SMITH, SPENCER B. 
SPANGLER, CHARLES D. 
STEMBER, JEROME A. 
Stewart, Donar I. 
Srout, Tuomas M. 
STRASSMANN, PAUL A. 
STRELL, HYMAN 
STUART, JoHN J. 
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WALNER, ARTHUR H. 

WASDYKE, JAMES T. 

WEINSTEIN, IRAM 

WEINWURM, GEORGE F. 

Wam, W. THOMAS 

Warme, RoBEnRT R. 

WILLIAMS, PAUL J. 

WorrE, HARVEY 


SwANSON, LELAND M. 
TznNow, Hemor G. 
Tepr, Roran V. 
TIEMANN, ARTHUR E. 
'TuckER, THomas R. 
VALFER, Ernst S. 
VorPATTI, RoBERT C. 
Voss, RosEnT G. 


MINUTES OF THE 1965 ANNUAL BUSINESS MEETING 


The Thirteenth Annual Business Meeting of the Operations Research Society 
of America was eonvened at 5:10 pm, 6 May 1965, in the Georgian Room of tre 
Statler-Hilton Hotel, Boston, Massachusetts, with the Vice-President, George 
Shortley, presiding. 

The Minutgs of the Twenty-sixth Annual Business Meeting were approved gs 
printed in the Fall 1964 issue of the Bulletin. 

The Report of the Treasurer was approved as printed in the Spring 1965 issue 
of the Bulletin (p. B-95 ff.). 

On behalf of the Tellers, the Secretary announced the results of the election of 
Officers: 


John F. Magee Vice-President/ President-elect 
Joseph H. Engel Secretary 

Thomas E. Oberbeck Treasurer 

Ralph E. Gomory Council Member 

Herbert K. Weiss Council Member 


The Vice-President declared this slate elected and assumed the Chair as Presi- 
dent. 
The Secretary announced the establishment of the Houston Section and tke 
Military Applications Section of the Society. 
The President stated that because of illness of the retiring President, his report 
would not be made at this meeting; however, it will be published in the Bulletin. 
The Meeting adjourned at 5:20 pm. 
Josera H. ENGEL 
Secretary 


COMMITTEE MEMBERSHIP 1965-1966 


Membership Committee 


Newron A. ÀABLAHAT, Chairman 


CLINTON J. ANCKER, JR. 
KreNNzTH R. More 
Jom H. Moss 
KENNETH W. YARNOLD 


Publications Committee 


RussELL L. Ackorr, Chairman 
Ropert E. MACHOL 
W. EDWARD CUSHEN 


Education Committee 
CnanLES D. FrAGLE, Chairman 
Norman N. BanrsH 
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Jack R. Borstine Emory Coox 
GEORGE DANTZIG Hoan J. Miser 
DANIEL HowLAND PETER J. SANDIFORD 


Harvey M. WAGNER . 
Sections Committee 


Nominating Committee WILLIAM J. NEMEREVER, Chairman 
Pau. L. Kineston, Chairman Roserr Mirsky 
oe 2 ues Ethics and Grievance Committee 
Paut F. Dunn GEORGE SHORTLEY 


B W. R. 
ERNARD OMBERG Representative to IFORS 


Lanchester Prize Hues J. Miser 
WALTER L. DEEMER, Chairman . 

Gauondu E. KIMBALL Representative to the NEE 
Arex M. Woop Rosrrrt F. RINEHART 
Meetings Committee - Representative to the AAAS 
Dav A. Karcusr, Chairman W. EDWARD CUSHEN 

Davin M. BoopmMan ELLIS A. JOHNSON 


EDUCATION COMMITTEE 


The Education Committee of ORSA plans to sponsor a meeting of Operations 
Research Faculty in 1966. It is planned to hold a two-day session at the Johns 
Hopkins University. Topics for discussion include (1) New curriculum and program 
developments, and (2) Trends in O.R. Manpower. Address: CmaRrLes D. FLAGLE, 
Chairman, ORSA Education Committee, The Johns Hopkins Hospital, Baltimore 6, 
Maryland. 


CURRICULUM DEVELOPMENTS 


Reports of curriculum developments should be sent to Pror. CaarLes D. FLaGuE» 
Chairman ORSA Education Committee, The Johns Hopkins Hospital, Baltimore 5 
Maryland. 


U. S. Naval War College, Newport, Rhode Island 


PROFESSOR HERBERT GLAZER reports that in 1965-66, the Naval War College 
Curriculum will contain a study of Military Management. Although specialized 
to the defense area, the program will resemble the summer courses offered by a num- 
ber of universities. "The lectures will be the responsibility of the Chair of Physical 
Sciences. "The following is a list of topics: 


Military Magagement Study Lecture Series 


1. Management in the Military Environment 

2. The Influence of the Behavioral Sciences on Management Policies, Practices, 
Techniques * 

3. Management and Mathematies 
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4. Modern Management Techniques 
5. Naval Operations Analysis 
6. The Elements and Methods of Systems Analysis 
7. Technological Considerations in Decision-Making 
8. The Digital Computer: (a) Introduction, (b) Applications, (c) Pitfalls 
9. War Gaming in the Navy 
10. The Computer as an Instrument of Command and Control 
11. Naval Studies 
12. Material Management Systems 
13. A Defense Management View of Computer Software 
14. Future ADPS Applications 
15. Techniques of Defense Management 
16. The Navy Planning System 
17. Future Trends in Modern Management 
18. Leadership in Military Management 
These lecturerg will be supplemented by discussions, films, and demonstrations. 


Operations Research At North Carolina State University At Raleigh 
And The University Of North Carolina At Chapel Hill 


North Carolina State University at Raleigh and the University of North Carolina 
at Chapel Hill have offered graduate courses in many areas of Operations Research 
for a number of years, In addition, numerous OR theses have been directed by 
staff members of these institutions. Recognizing the need to coordinate and ex- 
pand these activities, an Operations Research Technical Committee has been ap- 
pointed, consisting of representatives from ten departments on the two campuses. 

After reviewing the OR programs of many well-known institutions and takinz 
account of the indicated needs for OR personnel, the Technical Committee decided 
that each member of an OR research or development team should cor- 
tribute strength in at least one basic discipline. Hence it was decided to establish 
a strong graduate minor program in Operations Research, with the major in any 
basic discipline which could contribute to or utilize OR techniques. The OR grac- 
uate courses are to be selected from the following general areas: 

Control Systems and Reliability (6 courses) 

Econometrics and Economic Decision Making (8 courses) 

Information and Computer Science (10 courses) 

Mathematical Techniques for Optimization (4 courses) 

Probability and Statistics (8 courses) 


Minimal Course Requirements for Graduate Minors in Operations Research 


Master's Degrees. An OR Special Topics course and seminar plus two courses 
in one of the five OR areas. ? 
Ph.D. Degrees. An OR Special Topics course and seminar plus five other courses, 
with at least two courses from each of two OR areas. 
Prospective students should pay particular attention to the prerequisites for th» 
courses chosen. A student minoring in Operations Research should have a good 
background in Matrix Algebra, Advanced Calculus and Introductory Probability 
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or be prepared to take such courses early in his graduate program. The Depart- 
ments of Electrical Engineering and Industrial Engineering have developed one- 
semester courses to qualify non-engineers to enter certain courses in the areas of 
Control Systems and Reliability and Information and Computer Science. Such 
background courses cannot be counted as part of the OR minor program. If a 
student majors in a discipline which includes one of the OR areas, he would be ex- 
pected to take courses from this area as a part of the major and select the OR minor 
courses from other areas. The cohesive elements in the graduate program are a 
seminar and the OR Special Topics course. 
Admission 

Prospective graduate students at North Carolina State University at Raleigh 
or the University of North Carolina at Chapel Hill should contact the Graduate 
Dean at the selected institution for Application for Admission forms and for a copy 
of the graduate catalog. Space is provided on the application forms to indicate a 
desire for an OR minor. The graduate catalog presents the requirements for ad- 
mission to and the regulations of the Graduate School and a description of de- 
partmental programs and course offerings. 

Detailed information regarding the Operations Research graduate program can 
be obtained from the Chairman of the Technical Committee. 


Operations Research Technical Committee 


Ricuarp L. ANDBRSoN, Chairman of the Technical Committee and Professor of 
Experimental Statistics 

Joun F. Boapan, Professor of Textiles 

FREDERICK F. Brooxs, JR., Professor and Chairman of Department of Informa- 
tion Science (Chapel Hill) 

AnrHUR R. Eckxrs, Professor of Electrical Engineering 

CLEON HARRELL, Associate Professor of Economics 

Davi A. Linx, Assistant Professor of Agricultural Engineering 

Rosert W. LLEWELLYN, Professor of Industrial Engineering 

LeRoy B. Martin, JR., Assistant Professor of Mathematics 

Grorce E. Ni:cHOLSON, JR., Professor and Chairman of Department of Sta- 
tistics (Chapel Hill) 

James A. SgAGRAVES, Associate Professor of Agricultural Economies 


Associated Faculty 


In addition to the members of the Technical Committee, 26 associated faculty 
members are available to teach OR courses and direct graduate work. 


COST-EFFECTIVENESS SECTION 


The members of the Cost-Effectiveness Section of ORSA have just elected their 
iyitial slate of officers. They are to serve from August 1, 1965 to the Summer of 
1966: ° 

Joun W. Locxz, Chairman 

Herpernt K. Weiss, Vice-Chairman 
Harry P. Hatry, Secretary ` 
Josera W. Noan, Treasurer 
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LOS ANGELES NATIONAL MEETING OF ORSA 


The 29th National Meeting of ORSA will be held at the Miramar Hotel in Santa 
Monica, California during May 18-20, 1966. Expanding Horizons of Operations 
Research is the theme. Dr. Jonn E. WarsH of System Development Corporation 
is the Meeting Chairman and Prorressor ALAN J. Rowe of the University of South- 
ern California is Program Chairman. This meeting is being held in exceptionally 
pleasant surroundings (adjoining Pacific Palisades Park overlooking beautiful 
Santa Monica Bay in smog-free Santa Monica). Paper sessions are being organized 
by technical sections of ORSA and, perhaps, by some societies in fields related to 
operations research. Submission of contributed papers is encouraged (from mem- 
bers and nonmembers). January 1, 1966, is the deadline for contributed papers 
(abstracts of 200 words or less), which are to be sent to Dr. Joun E. Wars, System 
Development Corporation, Sania Monica, California. 


JOINT, WESTERN REGIONAL MEETING ORSA/TIMS 


The Seventh Joint Western Regional Meeting of the Operations Research Society 
of America and The Institute of Management Sciences was held at the Ambassadar 
Hotel, Los Angeles, California, April 29-30, 1965. “Developments for Modern 
Management” was the topic of the theme address delivered by Dr. Raout J. FREF- 
MAN. Other general events included a Panel Discussion, “The Next Ten Years cf 
Operations Research—Management Science,” and a Luncheon Address by Dr. 
Max ParEvsxy entitled "Tomorrow's Data Processing and Computers: The E= 
pected and the Unexpected.” Five general sessions opened the meeting, followed 
by specialized sessions on Distribution and Inventory, Marketing, Simulation, 
Cost/Effectiveness, Computers and Management Decisions, Management Sys- 
tems, Information Economies, Finance, and Invited Student Papers. WILLIAN 
C. McDonnet, Southern California Gas Company, Los Angeles, California, was 
Meeting Committee Chairman. 


SOCIETY AUTHORS (CONTINUED) 


A listing of Society Authors, Published in the Spring, 1965 issue of the BuLLETIE, 
pages B-98 through B-106, was to be updated with additional listings received by 
the Editor by August 1, 1965. The listing below is that supplement. (As before, 
article references have not been included.) 


Asu, Mirrow, Optical Shutdown in Nuclear Reactors, Academic Press (in press). 

Bizce,, Joun E., Production Control: A Quantitative Approach, Prentice-Hall 
1963, 230 pp. 

Dean, Burton V., Maurice W. Sasrent, and Surv K. Gurra, Mathematics for 
Modern Management, John Wiley and Sons, Inc., 1963, 442 pp. 

Dean, Burton V. (Ed.), Operations Research in Research and Development, Jokn 
Wiley and Sons, Inc., 1963, 289 pp. 

FREEMAN, RAOUL J. (Ed), Developments for Modern Management, Western Peri- 
odical Company, 1965, 314 pp. 

Freeman, Raour J., “Development Evaluation and Specification Modification,” 
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Chapter 10 in Dean (Ed), Operations Research in Research and Development 
(see above). 

KARAYALCIN, IDHAMI, New Models for Planning and Allocation, Technical Uni- 
versity of Istanbul, 1960, 80 pp. 

Levin, Howanp S., J. J. Cortiss and I. K. FB8INSTEIN, Analytic Geometry, Harper 
& Brothers, 1949, 370 pp. 

Levin, Howarp S., Office Work and Automation, John Wiley and Sons, Ine., 1956, 
203 pp. 

Ostre, B. and R. G. TISCHER, “Statistical Methods in Food Research," Chapter 
4 in Advances in Food Research, Vol. 5, edited by E. M. Mrax and others, In- 
stitute of Radio Engineers, Inc., 1959. 

Ostiz, B., Statistics in Research, (Second Ed.), Iowa State University Press, Ames, 
Jowa, 1963. 

Osrus, B., “Statistical Methods," Chapter 11 in Reliability Training Text, edited 
by F. M. GRYNA and others, Institute of Radio Engineers, Inc., 1959. 

Pirrs, Louis A., Matriz Methods for Engineering, Prentice-Hall, Ine, 1963, 427 pp. 

Pipes, Lous A., Applied Mathematics for Engineers and Physicists (Book X 1), 
McGraw-Hill, 1958, 723 pp. 

Saary, Tuomas L., Mathematical Methods of Operations Research, McGraw-Hill, 
1959, 420 pp. 

Saaty, THomas L., Elements of Queueing Theory, McGraw-Hill, 1961, 420 pp. 

Saaty, Tuomas L., Nonlinear Mathematics, McGraw-Hill, 1964, 400 pp. 

Saary, Tuomas L., Graphs and Networks, McGraw-Hill, 1965, 300 pp. 

Sean, Hinary L., Multivariate Statistical Analysis for Biologists, Methuen, London, 
and John Wiley and Sons, Inc., New York, 1964, 207 pp. 

&issEN, Roczr L., Management Science Selections, Data Processing Digest, Los 
Angeles, 1965, 100 pp. 


Neus and Announcements 


INTERNATIONAL FEDERATION OF OPERATIONAL 
RESEARCH SOCIETIES 1966 CONFERENCE 


The Fourth International Conference on O.R. which is being organised in con- 
junction with the O.R.S.A. will take place at the Massachusetts Institute of Tech- 
nology, Cambridge, Mass., from August 29th to September 2nd 1966. 

The following preliminary programme has been arranged: 


Main Sessions 


1. Advances in Techniques of Mathematical Programming. 
2. Advances in Techniques of Decision Theory. 
3. Advances if Techniques of Stochastic Modelling. 


Parallel Sessions 

A. Theory of Graphs F. Scheduling Problems 
B. Marketing G. Information Processing 
C. Transportation H. Simulation 

D. Urban Planning I. Natural Resources 

E. Investment Policy Analyses J. Distribution Systems. 


Any members wishing to submit papers to any of these sessions should send details 
as soon as possible to our Programme Committee representative, Dr. K. D. Tocuee, 
United Steel Companies Lid., Cybor House, 1-6 Tapton Hall Road, Sheffield 16, 
England. 


FIRST DANISH CONFERENCE ON OPERATIONS RESEARCH 


The First Danish Conference on Operations Research was held at Aarhus Uni- 
versitet, April 3-4, 1965. For information address: Mr. Erik Johnsen, Secretary. 
Institute of Economic Research, Copenhagen School of Economics and Business 
Administration, Julius Thomsens Plads 10, Copenhagen V, Denmark. 


OPERATIONAL RESEARCH SOCIETY 


The Society’s Annual Conference will be held Monday, September 20, 1965 
through Wednesday, September 22, 1965. For details: Operational Research 
Society, 64 Cannon Street, London, E.C. 4. 


FRENCH OPERATIONS RESEARCH SOCIETY 


Association Francaise d’Informatique et de Recherche Operationnelle 
(A.F.LR.O.) will hold an International Symposium on Long Range Planning fc 
Management in Paris, September 20-24, 1965, in the UNESCO Building, under the 
aegis of the International Computation Centre in Rome. There will be seven half- 
day sessions at which about thirty papers will be read. In addition, there will be 3 
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program of visits to industrial, and research organizations, excursions in and near 
Paris, and a Ladies’ Program. Address: Mr. J. Weinbach, Permanent Secretary, 
A.F.LR.O., 7 Rue de la Chaise, Paris 7°, France. 


ARGENTINE OPERATIONS RESEARCH MEETING 


Sociedad Argentina de Investigacion Operativa announces “V Jornadas Argentinas 
de Investigacion Operativa"? (Operations Research Meetings) to take place in Buenos 
Aires on November 3-5, 1965. Address Secretary: Ing. Isidoro Marin, Libertad 
1235, Buenos Aires. 


PROPOSED “OPERATIONS RESEARCH AROUND THE 
WORLD” MEETINGS 


To promote association among operations researchers of many countries, and to 
directly encourage operations research activities in several countries, the possibility 
of holding some coordinated meetings is being considered. These meetings would 
extend around the world and, tentatively, would occur in 1967. Each meeting 
would be the responsibility of a society in the country where it is held and, ordinarily, 
would extend Monday through Thursday, with Friday and the weekend for travel- 
ing to the next meeting. Specifically, the first meeting would be in Spain, the sec- 
ond in India, and the third in Japan (tentatively). The International TIMS meet- 
ing in Mexico could constitute the fourth and final meeting. 

Although these meetings are not yet firmly established, their desirability and 
possibility has been determined by correspondence among the Operations Research 
Soctety of Spain, the Operational Research Society of India, the Operations Research 
Society of Japan, TIMS, and Western Section ORSA. Dr. Jonn E. WALSE, System 
Development Corporation, Santa Monica, California 90406, U. S. A. is the Coordina- 
tor for these proposed meetings. Prospective attendees for some or all of these 
meetings are requested to contact Dr. Warsa. The occurrence of these coordi- 
nated meetings depends on the anticipated attendance. 


WASHINGTON OPERATIONS RESEARCH COUNCIL (WORC) 


The Washington Operations Research Council has elected the following officers 
for the 1965-1966 season: 

Program Chairman—Boyp Lapp, Surveys and Research Corporation 

President—Jonw Honra, Honeywell Inc. 

Secretary—Winston River III, C.E.I.R., Inc. 

Treasurer—(Mrs.) Joann Lanasron, Operations Research, Inc. 

Board Members are Walter L. Deemer, Joseph A. Engel, Robert N. Grosse, 
David Van Tijn and the retiring president, A. Blumstein. For further information, 
address the Chairman, Publicity Committee: HERBERT HarnsnEOT, Halbrect Asso- 
ciates, Inc., 4641 Montgomery Avenue, Bethesda, Maryland. 


° SHORTER NOTICES 


Travel grants will be made to a number of qualified mathematicians for attend- 
ance at the International Congress of Mathematicians, to be held in Moscow on 
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August 14-24, 1966. Applications must be received before November 1, 1965, 
by the Division of Mathematics, National Academy of Sciences, National Research 
Council, 2101 Constitution Ave., N.W., Washington, D.C. 20418. 


A Symposium on Economics of Automatic Data Processing will be held in Rome, 
October 19-22, 1965, sponsored by the International Computation Centre. Ad- 
dress: International Computation Centre, 28 Viale della Civilta del Lavoro, P. O. Baz 
10058, Rome—EUR. 


The International Computation Centre also announces an Advanced Seminar fcr 
ADP at Rome, from October 7, 1965 through April 6, 1966. A program of practicel 
training as well as theory has been planned. A. A. M. Vurnuuis is Director ef 
the Seminar. 


The Socrety for General Systems Research will hold its annual meeting in Berkeler, 
California, December 27-31, 1965. For further information address Miron D. 
Rusin, Secretary-Treasurer, Society for General Systems Research, P.O. Box 208, 
Bedford, Massachusetts 01730. 


Public Automated Systems Service, a non-profit organization to foster the use af 
automation in government, publishes a new monthly newsletter, Public Automation, 
in cooperation with a number of cooperating societies, such as the American Public 
Health Association, International City Managers’ Association, and the National 
Institute of Municipal Law Officers. The monthly feature of Public Automation is 
an espository article, describing current practice, with Vol. 1, No. 1, June, 1968, 
entitled “Operating a City Databank.” For information on this organizatioz, 
write Public Automated Systems Service, 1313 East 60th Street, Chicago, Illinois 
60637. Domestic subscription to the service is $15.00 per year. 


The American Institute of Planners, 917 Fifteenth Street, N.W., Room 800, 
Washington, D.C. 20005, publishes the quarterly AIP Journal at $8.00 yearly. 
The special issue for May, 1965, available at $2.50 each, was devoted to Urban 
Development Models: New Tools for Planning. 


The Fall Joint Computer Conference will be held November 30-December 2, Las 
Vegas, Nevada. Address Mr. Rosert Gray, Secretary, Program Committee, 1965 
FICC, P.O. Box 49, Santa Monica, California 90406. 


The First Eastern Meeting of the Institute of Management Sciences will be held m 
Rochester, New York, October 13-15, 1965. General Chairman is LAURANGE 
G. Locks, Eastman Kodak Co., Rochester, New York. 


The Second Conference on State and Local EDP Systems, October, 27-29, 1965, 
has been announced by New York University’s Graduate School of Public Ad- 
ministration and Division of General Education, Four Washington Square North, 
New York City 10008. 
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The six hundred twenty sixth meeting of the American Mathematical Society 
will be held at the Massachusetts Institute of Technology, Saturday, October 30, 
1965. 


PERSONAL ITEMS 


Proressor Wros AupERson of the Wharton School of Finance and Commerce 
of the University of Pennsylvania died of a heart attack at his home in Maryland 
on May 31, 1965. PROFESSOR ALDERSON was a Founding Member of the Society 
and had been a Member of it continuously until his death. Born in St. Louis in 
1898, he worked with the Commerce Department, The Curtis Publishing Company, 
and, during the war with the OPA, Bureau of Economic Warfare and The Foreign 
Economic Administration. From 1944 he was marketing counsel to numerous 
firms, and from 1959 President of Alderson Associates, Philadelphia, and Professor 
of Marketing at the University of Pennsylvania. He authored Market Behavior 
and Executive Action and Planning and Problem Solving, co-authored Theory in 
Marketing, Marketing Channels for Manufactured Products, and contributed many 
other articles and publications in the field of marketing. Professor Alderson was 
a Member of the Corporation of Haverford College, a Member of the Board of the 
American Friends Service Committee, and a former President of the American 
Marketing Association. He resided at 501 Oakley Rd., Haverford, Pennsylvania, 
and also Unlike Wales, Royal Oak, Maryland, and leaves a wife, the former Elsie 
Star Wright, and three children, Asia, Maya, and Evan. 

Rosert F. RINEHART, former Society President, has been named to the ranking 
academic position of Senior Professor at the Naval Post Graduate School at Mon- 
terey, California. He leaves Case Institute of Technology, Cleveland, Ohio. 

Martin L. Ernst, former Society President, has been named a Vice-President of 
Arthur D. Little, Inc., Cambridge, Massachusetts. 

George H. Suortiy, ORSA President and former Editor of Operations Re- 
SEARCH, has been named Vice President and Chief Scientist, Booz, Allen Applied 
Research, Inc. and will continue to be based in Washington. James N. Davis, 
formerly Deputy Assistant Secretary of Defense, was named Vice President and 
Director of the same organization’s Washington Operations. 

ABRAHAM CHARNES has been named Walter P. Murphy Distinguished Professor 
at Northwestern Universities Technological Institute, Evanston, Illinois. Pro- 
fessor Charnes is a former President and Founding Member of the Institute of 
Management Sciences. 

Davin B. Herm, ORSA Council Member, Chairman of the Council of the In- 
stitute of Management Sciences and Editor of the ORSA Publications in Operations 
Research series, has been elected a director of McKinsey & Company, Inc., New 
York. 

R. Parrick Crovucs has been appointed to the position of Manager, Planning 
and Inventory Control, AP Parts Corporation, Toledo, Ohio. 

Witam A. WALLACE has been appointed Assistant Professor in the School of 
Management, Rensselaer Polytechnic Institute, Troy, New York. 

Dowatp C. Stewarr has been named Assistant to the President, Superior Cable 
Corporation, Hickory, North Carolina. 
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SIDNEY Firsrman has joined the Planning Research Corporation, Los Angeles, 
California. 

Rozert E. Macxot, Professor and Head of the Department of Systems Engineer- 
ing, University of Illinois, Chicago, and member of the ORSA Publications Corc- 
mittee, has been named also as Lecturer in Charge of Systems Engineering fcr 
courses offered by Bolt, Beranek and Newman Inc. Cambridge, Massachusetts. 

GERSHON CooreR has been appointed a member of the Board of Directors cf 
Dunlap and Associates, Inc., Darien, Connecticut. 

Raymonp Nutson is now Systems Engineering Manager, Eastern Operations, 
FMC Corporation. 

Marx Kao, Professor of Mathematics and a member of the Rockefeller Institute, 
has succeeded Gustav A. Hepuunp as Chairman of the Division of Mathematics, 
National Academy of Sciences-National Research Council. 

The Institute for Defense Analyses (IDA) has announced the appointment cf 
Bruno W. AUGENSTEIN, Research Adviser to the President, Mirron U. CLAUSES, 
Director Research and Engineering Support Division, and Roperr H. Fox, Deputy 
Director of the same Division. 

Research Analysis Corporation (RAC) has added new Members to the Board cf 
Trustees: Finn J. Larsen, vice president of Honeywell Inc.; JOEN STUART FOSTER, 
Jr., Director of the University of California's Radiation Laboratory; ARTHUR E. 
RAYMOND, retired vice president of engineering of Douglas Aircraft Co., JAMES 
H. WAKELIN, JR., President, Scientific Engineering Institute; and AMBASSADOR 
Lrvinesron T. Mercuant, Executive Director of the World Bank. 

The Center for Naval Analyses reports the following have joined its staff: HEE- 
BERT S. Saank, Mervin D. Miter, Frank Snous, Merrirr E. Ford, PATLU 
HoanorAN, James L. Corron, Cant L. Barron. FRANK E. BOTHWBLL, Chief 
Scientist of CNA, has also been appointed Director of CNA. 

REYNOLD GREENSTONE is on temporary assignment, Ordnance Research Labors- 
tory, The Pennsylvania State University, while remaining an employee of Operz- 
tions Research Incorporated. ORI also reports the following have joined the 
staff of that organization: ALBERT C. BALLASEYUS, FREDERICK W. MILL, RoBEET 
J. Kranz, Steven E. Gorrites, Huas C. DAUBEK, Josern M. SHEEHAN, KENNETH 
R. STEWART, Jack E. McCuzar, Jean Epwarp Smits, Joun R. THURBER, Sor. 
W. Marasky, Vincent J. RYBA, James I. STRANG. 


INSTRUCTIONS FOR CONTRIBUTORS TO 
THE ORSA BULLETIN 


The News and Announcements section of the BurnETIN carries meeting notices 
of general interest, notices of personal interest, and also miscellaneous items. 

The closing deadline for inclusion in the Spring BULLETIN is January 15th yearly, 
and for the Fall BunLETIN, July 15th yearly. (Publication date for the Spring 
issue is approximately March 15th, and September 25th for the Fall issue.) Notices 
not received in time for current publication are not used, unless they afe of historical 
interest. Material for the BULLETIN should be directed to the Editor, Dr. Van 
Courr Harz, Jr., Analytical Associates, Inc., 420 Lexington Ave., New York, 
N.X.10017. o 
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In general, special courses and seminars offered by commercial organizations are 
not listed, and University short courses are listed only when they are of special 
interest. Announcements of new products or equipment developments are not 
listed. Current information reporting the activities of foreign operations research 
societies is particularly welcome, as are reports of ORSA Section and local meet- 
ings, personal announcements about ORSA members, and other current information 
which may be considered noteworthy yet unsuitable for publication in OPERATIONS 
RxsEARCH, the Society’s Journal. Reports of University curricula developments 
should be sent to Pror. CuarLes D. Fuacie, Chairman ORSA Education Committee, 
The Johns Hopkins Hospital, Baltimore 5, Maryland. 

Authors of Invited and Contributed papers to ORSA Meetings will greatly ease 
the burden of the Program Chairman and the Editor if they will observe the follow- 
ing three rules of presentation and format: 

1. BULLFPIN policy is to publish one paragraph abstracts, and most multiple 
paragraph abstracts automatically are edited to conform to this style. Outline 
form is usually confusing when so edited, so authors are requestedeto explain the 
topic at hand in one-paragraph form if this is possible. 

2. To allow for ease in correction, styling and type-setting, double spacing should 
be used by authors for all copy submitted. Do not underline, use all upper case 
type, or otherwise attempt to style submitted copy. (For example, names, ad- 
dresses, organizations, or subject titles should be typed in upper and lower case 
format with the following exceptions: acronyms—such as ORSA, NATO, PERT, 
etc.—should be typed in upper case, the titles of books should be underlined, and 
the titles of articles should appear in quotation marks. 

3. Authors are requested to supply their Meeting and Session Chairmen with 
complete mailing addresses which will be printed in the Butnerrn. (Each meet- 
ing usually produces world-wide reprint request for papers. Such requests must 
be mailed to authors or returned with regrets. Should reprints of an article not 
be available upon request, much correspondence would be saved by noting this 
fact at the end of each submitted abstract.) 


Career Appointments 


Booz -Allen Applied Research Inc. 


Has Program Responsibility for 


The Combined Arms Research Office 


Ground-floor career opportunities of uncommon potential exist at 
CARO for electrical engineers, communications engineers, mathe- 
maticians and physicists who have advanced degrees, preferably 
Ph.D. or equivalent, and who have the technica! proficiency and 
the operational understanding to work within an operations research 
and systems analysis environment. 

The Combined Arms Research Office (CARO), located at Fort 
Leavenworth near Kansas City, Missouri, is a continuing military 
operations research program charged with the responsibility of 
performing advanced studies in the fields of . . . Tactical Field 
Communications ... Command and Control Communications Sys- 
tems... Electrical and Nuclear Power Requirements... Transpor- 
tation Logistics and Combat Maneuvers . . . Advanced Weapons 
Systems . . . Cost Effectiveness Studies and Programs. 

Pertinent and advanced techniques of operations research and 
systems analysis, gaming, design of experiments, model building, 
cost effectiveness, etc., are being constantly applied and related to 
the pa of present and future military operational require- 
ments. 

Your inquiry is invited. If you wish to know more about the out- 
standing career opportunities now available at CARO, contact: 
Robert J. Flint, Director of Staff Selections. 


BOOZ:*ALLEN APPLIED RESEARCH Inc. 


135 South LaSalle Street e 
Chicago, Ill. 60603 
Phone: (312) FR 2-1728 
Washington « Cleveland * New York * Chicago * Los Angeles 
. , An equal opportunity employer 





JOURNAL OF THE AMERICAN 
STATISTICAL ASSOCIATION 


Volume 60 September 1965 Number 311 


Asymptotically Optimal Tests of Composite Hypotheses for Randomized Ex- 
periments with Noncontrolled Predictor Variables 
Jerzy Neyman and Elizabeth L. Scott 


A Review of “Smoking and Health"..... .... a y sa K. A. Brownlee 
Demand for Manufacturer’s Services for peels Products and Fruits and 

Vegetables... ... esso e. Wiliam H. Waldorf 
Optimum Stratified Sampling Using P Prior Information . W. A. Ericson 


Stratified Sampling and Distribution-free Confidence Intervals for a Median 
Philip J. McCarthy 


Double Sampling for Stratification on Successive Occasions e 
D..Singh and B. D. Singh 


The Inverted Dirichlet Distribution with Applications 
George C. Tiao and Irwin Guttman 


The Estimation of Variance Components in the One-Way Model 
Bruce M. Hill 


Sequential Range Tests for Components of Variance . .. . . B. K. Ghosh 


Exact Distribution of the Sum of Independent Identically Distributed Discrete 
Random Variables... ............. Herbert A. David and J. E. Norman, Jr. 


On the Asymptotic Efficiency of the Kolmogorov-Smirnov Test . Jack Capon 


A Comparison of the Pearson Chi-square and Kolmo gor ov Goodness-of-Fit Tests 
With Respect to Validity ..— ...... ........ . Malcolm J. Slakter 


On An Extreme Rank Sum Test with Early Decision. . .. ... .. D. Chun 


Extended Tables of the Wilcoxon Matched Pair Signed Rank Statistic 
Robert L. McCornack 


Tables of Bounds for Distributions with Monotone Hazard Rate 
Richard E. Barlow and Albert W. Marshall 


General Theory of Prime-Power Lattice Designs 
W. T. Federer and B. L. Raktoe 


Multivariate Acceptance Sampling Procedures for General Specification Ellip- 


SO0ld8:.— as ed heal alas DE eee Se EAR E UP eae Melvin F. Shakun 
Quadratic Regression with Inequality Restraints of the Parameters 
N R. R. Hocking 


Book Reviews 


Tor further information, please contact: 
American Statistical Association ` 
810 18th Street, N. W. 
Washington, D. C. 20006 
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OPERATIONS 
RESEARCH 
INCORPORATED 





Supporting the Decision-Making Process 

with... 

«© Operations and Systems Analysis 

« Engineering Analysis 

* R&D Program Evaluation and 
Planning 


' Prediction of System Performance 

e Design and Implementation of 
Management Information and 
Control Systems 


ORI’s record of accomplishment in sup- 
port of the decision-making process goes 
back 11 years. In that time, we have per- 
formed major contracts for more than 80 
private organizations and military and ci- 
vilian government agencies. 

As a result, ORI's broad based experience 
today runs the gamut from undersea, sur- 
face and ground warfare through air traffic 
control, missile systems and astronautics . . . 
to the equally wide-ranging problem areas 
of industry. 
` * Present areas of strong emphasis include 
cost effectiveness and resource allocation 


studies in chemical and biological warfare, 
ASW, non-military oceanography, space 
systems such as Nimbus and Polaris, per- 
sonnel-manpower systems, supersonic trars- 
port economics, reliability and performance 
analysis of meteorological and solar observa- 
tion satellites for NASA, and work with 
the Army Institute for Advanced Studizs. 
Corporate headquarters are in Silver 
Spring, Maryland (suburban Washington, 
D. C). A second office is maintained in 
Santa Monica, California where an experi- 
enced staff is ready to undertake assign- 
ments of any magnitude for clients in the 
Western United States. ORI maintains field 
groups in residence at the Army War Col- 
lege and Ordnance Research Laboratory. 
May we tell you more about OBI’s 
capabilities, and outline our background 
in your specific problem areas? Please 
write: Dr. Emory Cook, President 


Operations Research Incorporated, 1400 
Spring Street, Silver Spring, Maryland 
(Suburb of Washington, D. C.). An equal 
opportunity employer. 
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What sets RAC apart 
...a8 a place to build a career? 


Many things. The stimulating interplay of disciplines . . . the ‘workshop 
for ideas’ environment of the new research center . . . the chance to 
push back technological frontiers in areas of vital national interest . . . 
the frequent seminars on advanced controversial topics by nationally 
known authorities . . . the opportunity to use all your talents in associa- 
tion with colleagues you respect. 

RAC is 550 people, a scientific problem-solving organization, inde- 
pendent and nonprofit. It is a major operations research and systems en- 
gineering adviser to the U. S. Army and other important contractors. 

Career appointments are now open in many task areas to imaginative 
individuals who enjoy seeking effective solutions to practical problems. 

If you hold an advanced degree in mathematics, statistics, OR, a 
physical science, economics or engineering, consider a career with RAC. 
Remuneration is consistent with the importance of the work. Please 


send your resume to: 

Mr. John K. Burke, Professional Staffing GO 
RESEARCH ANALYSIS CORPORATION 

McLean, Virginia 22101 (Suburb of Washington, D. C.) 


An equal opportunity employer 
* ` 
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0.R.—M.S. 
HALBRECHT OPPORTUNITIES 


Director Management Services Young O.R. Manager 

Chemical Co. requires O.R. superv. ex- Head up smal! but growing O.R. group in 
perience. Reports to exec. V.P. This is new Electronics Co. Inventory systems, opzi- 
position in Co. which does not now have mum product mixes, analysis of economic 
O.R. $20,000 & Bonus. trends, sequencing. To $15,000. 


Jr. & Sr. O.R. Analysts, Marketing 

Several clients are particularly interested 
M.I.S. as a corporate internal consultant S oe s MS e nati 
for one of the countries largest industrial oH ds Masa Pagi e indui 
Cos. $20,000-$25,000 & Bonus. Cu Pu 3 ae 

os. 920,000-825, fex industrial mfrs., and Mgt. consulting firms. 
Chemical Engineer/Internal Consultant Salaries $12, $20,000 & Bonus. 

Ph.D. Chem. Eng. with outstanding ap- Statisticians 


Mgt. Information Systems 
Develop, install and help implement 


plied math exper.*and EDP know how. Internal consultants. Major industrial 
$20,000-$25,000 & Bonus. Mfrs. seek corp. staff consultants on in- 

dustrial probabilistic problems. $12,000- 
Research Director $20,000. 


O.R., information processing, man-ma- Military O.R. 


chine interaction. Ph.D. About $30,000- Our requirements blanket the field. 


$35,000. Weapon systems, tactical & strategic s73- 


tems analysis, cost/effectiveness, war gamn- 
ing, simulation, communications, logistics, 
etc. ... Salaries $10—25,000. 


Jr. & Sr. O.R. Analysts 
O.R. Managers, Consultants 

We have many more positions we are actively seeking to fill in and near New York Ciry, 
Newark, Boston, Philadelphia, Pittsburgh, Washington, D. C., Atlanta, Chicago, Cleva- 
land, St. Louis, Kansas City, Omaha, Milwaukee, Minneapolis, Houston, Dallas, Los 
Angeles, San Francisco, Tacoma, Seattle, Akron, Dayton, Toronto, Phoenix, Londcn, 
Paris, Melbourne, India, Maylasia, Japan, Germany, Holland, et al. ... 


SPECIAL NOTE: We will be attending the 28th National Meeting of ORSA, November 
4-5, 1965. We will have a suite at the Shamrock-Hilton Hotel in Houston. Confidential 
interviews can be arranged with the technieal management of our clients as well as with 
ourselves. Early receipt of resumes of persons planning to attend, or who ean be available 
for interviews, will facilitate our arranging such interviews with the proper levels of mmm- 
agement of our clients. 


All inquiries will be treated confidentially. ALL OUR CHARGES ARE ASSUMED BY 
EMPLOYER CLIENTS. All interested parties are invited to send us a detailed resume 
which should include position objective, current salary, salary requirements, geographic 
preferences, and areas which will not be considered. 


HALBRECHT ASSOCIATES, INC. 


4641 Montgomery Avenue 
3 Bethesda, Maryland (Suburb-Washington, D. C.) 
301: 656-9170 
Tel ex-089—459 
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ALPAC 


is even better 
than we expected. 


When we introduced our new linear pro- 
gramming code, ALPAC, we expected it 
to be fast. It was specially designed to 
save time and. money. 

That's precisely what ALPAC has 
done, with extras..Like these: 
It's proven itself very fast. So fast it's low- 
ering the costs of almost any given prob- 
lem. 
It has a special option — CYCLE —that al- 
lows the user to explore the matrix in sec- 
tions—a feature which saves even more 
money for those with rectangular mat- 
rices. 
It has a very large, flexible, and easy to 
use report writer, which includes the op- 
tion of using MACROS. 


It uses double precision and simultaneous 
input/output computing features to give 
users additional savings. 

It has a special algorithm —called Search 
—which dramatically reduces the number 
of infeasibilities. 

Along with all this, our Computing Sci- 
ences Division offers an experienced staff 
to help every customer. The growing pop- 
ularity of ALPAC has opened significant 
employment opportunities. - Interested? 
Get in touch with our Technical Direc- 
tor. He'll tell you about the many ways 
you can benefit. 


icis Service Bureau Corporation 
mputing Sciences Division 
425 Park 2 New York, N. Y. 10022 


An Equal Opportunity Employer 


strategy: the science and art 
of interrelating political, 
economic, psychological and 
military forces of a nation to 
afford maximum support for 
its adopted policies 


The Institute for Defense Analyses contributes to our nation’s 
deliberations on strategy by advising on the weapons systems, 
processes, and economics of defense. In this activity, IDA’s guiding 
belief is that meaningful advice can best be developed by bringing 
together highly qualified experts from a variety of fields, and providing 
stimulating guidance and a creative environment. IDA conducts 
studies for elements of the Department of Defense such as the 

Joint Chiefs of Staff and the Director of Defense Research and 
Engineering, as well as other executive agencies of the Government. 
To enhance our response to their requests, we wish now to add as 
professional staff members a few outstanding people at the level of 
Ph.D., with backgrounds in physics, engineering, operations 
research and systems analysis. 

Write to T. J. Shirhall, Institute for Defense Analyses, 

400 Army-Navy Drive, Arlington, Virginia (near the Pentagon). 
An equal opportunity employer sponsored by 2 


_ twelve of the nation's leading universities. C><> 
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The problem 
may be 

to recognize 

the problem 


Early in World War |l, arming merchant ships with anti-aircraft 
guns seemed useless: they weren’t destroying planes. 


Then an operations analyst pointed out armed ships suffered 
fewer sinkings than did unarmed ones because Nazi pilots, see- 
ing the guns, did not press their attacks. Arming the ships, there- 
fore, was the answer to the real problem — delivering cargoes, 
not downing planes. 


Today, the same emphasis on definition of problems is a major 
concern of the Center for Naval Analyses of The Franklin Insti- 
tute, a private scientific organization engaged in operations 
research and analysis. 


CNA's mathematicians, analysts, physical scientists, economists, 
and research engineers submit their reports to Navy planners 
and decision makers for their guidance. 


For superior scientists with the ability to define problems, there 
are still a few staff vacancies. 


For further information, write: 


Director 

CENTER FOR NAVAL ANALYSES 
Department RSB 

1401 Wilson Blvd., Arlington, Va. 22209 


| m- NA CENTER FOR NAVAL ANALYSES 
of The Franklin Institute 

INS, > Institute of Naval Studies 

SEG > Systems Evaluation Group 

OEG ° Operations Evaluation Group An equal opportunity employer 


NAVWAG = Naval Warfare Analysis Group 
MCOAG « Marine Corps Operations Analysis Group 
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Would you like to 
COUPLE YOUR SKILLS 


e Management Systems e Management Sciences 
e Computer Science e Real Time Control 
à e Design Automation 


With a desire to shape in an innovative way 
how managers organize their efforts to accomplish 
business objectives? 


B THE TIME IS RIGHT 


for ramp-function increases in the rates of development and applica- 
tion of management sciences, management systems, near and real 
time process control, and design automation — all aided as required 
by the most advanced of computer configurations and all pointed 
toward innovation in business design and management. Programs are 
specific as to business goals, although broad as to means for their 
achievement. The approach is truly multidisciplinary, thereby creating 
the need for additional top talent in several fields. 


AT TI 


the coupling of fundamental skills in diverse disciplines is an estab- 
lished pattern of individual and organizational success. 


NOW 


important new positions are being created for those with PhD level 
abilities in Management Science, Mathematics, Management Systems, 
or Computer Science, preferably with 3 or more years experience in 
developing interdisciplinary interests and abilities. Exceptional candi- 
dates with MBA or MS level skills will be considered. Successful 
candidates for all positions must be able to concentrate their efforts 
without narrowing their perspective and interest. 


The ability to communicate with operating managers in the full im- 
plementation of efforts is essential. 


ADDITIONAL SCOPE 


of disciplines of interest include: Communications Theory, Informa- 
tion Theory, Hybrid Computer Usage, and New Program Language 
Development. 


Please send resume in confidence to C. J. Thomsen, Senior Vice 
President, Management Systems, Dept C.171. 


TEXAS INSTRUMENTS 


INCORPORATED 


.P. O. Box 5474 Dallas, Texas 75222 


An Equal Opportunity Employer 
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ENGINEERS * PHYSICISTS * MATHEMATICIANS . 


AREER APPOINTMENTS 
IN OPERATIONS ANALYSIS 


The Applied Physics Laboratory of The Johns Hopkins Univer- 
sity now offers highly attractive career appointments to the 
professional staff of its Military Operations Analysis Group. 
The atmosphere within the Group is one of imagination, origi- 
nality of thought, informality and independence . . . there is a 
minimum of formal organization. Staff members will enjoy a 
freedom to define and redefine problems and methods of solu- 
tion, working individually for the most part, in an essentially 
academic atmosphere. 


The Group receives its assignments from other divisions at APL, 
the APL management and the Navy, although a considerable 
number of projects are self-generated by Group members. Cur- 
rent problem areas include anti-air warfare, Marine Corps 
tactical operations, tactical data systems, strategic weapons sys- 
tems, weapon control, radar systems analysis, and operational 
readiness. 


Respondents must have a degree in one of the physical sciences 
and three or more years experience in a scientific or technical 
field. Creativeness should be balanced by a practical-minded atti- 
tude, and the ability to function effectively with scant supervision. 


APL’s modern facilities are located in Silver Spring, Md., a 
residential suburb of Washington, D. C., affording a choice of 
city, suburban or country living. The area is known for its high 
living standards, excellent public schools and extensive oppor- 
tunities for graduate study. 


Direct your inquiry to: Professional Staff Appointments 


The Applied Physics Laboratory - The Johns Hopkins University 


8681 Georgia Avenue, Silver Spring, Maryland 
(Suburb of Washington, D. C.) 


ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION FOR EMPLOYMENT 
WITHOUT REGARD TO RACE, CREED, COLOR, ORgNATIONAL ORJGIN ; 








